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\ Mt Dear Sib : — 

Aa father of the Levee-system, in at least that State, yoa are, 
n piMic grounds, the man of all others to whom ought to be 
dedicated the following results of my reflections and labors on 
Luvees of Mississippi. Aa a Legislator, as a County 
Commissioner, as a general Commissioner, for the conduct of 
tliose improvements, your zeal, energy, and talent, have con- 
tributed, in an eminent degree, to the present matured 
prospects of the moot important material interests of your 
State — the drainage and reclaroation of the great Valley of 
the Yazoo. As an agent, under your direction, in the accom- 
■ plishmeut of that great result, 1 am bound, therefore, to lay at 
[ your feet this summary of the views and rules by which I have 
I "been guided in that agency. 

Aa a private friend, however, yon of all my friends in this 
[■■country, have the first claim on my feelings. Truthful, warm, 
,nd disinterested, as I have ever found yoa in our long and 
Feomewhat trying intercourse, it affords me cordial pleasure to 
\ give public evidence, by even the dedication of this vol- 
t Time to you, of my profound conviction of your truth, warmth, 
. And disinterestedness as a private friend. 

While your qualities of head — in the capacity, the courage, 
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the integrity, with which yon have managed the public inter 
eats committed to yonr care — command my unqualified 
respect, it is privately a pleasure to me— «8 publicly it is a 
duty — ^to inscribe to you, as I here do, this result of my expe* 
rience and reflection on River-embankment. Accept it,' my 
dear Colonel, as an humble expression of the honest regard of 
your ever faithful friend, 

WILLIAM HEWSON. 

P. S. Two years ago, this volume was commenced ; though 
in the intervals of leisure occurring under active engagements 
of my mind, it had not been completed until to-day. 
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PREPACE. 



I Immense public wealth is being- accumulated behind 

) L(;vees of the Mississippi. From Cairo to the Balize, 

Billions of acres of the finest land in the world are being 

feclaimed from the Bear and the Panther, to brint;: forth 

iiit for the enrichment of the American Union, and the 

bxury of private industry. Millions of money have 

■ready been expended on the works, behind which this 

freat investment of enterprise — of labor and capital — Is 

pine on ; and yet, up to the present hour, these expendi- 

Bres have been made, to a great extent, without regard 

t the teaching's of a regularly digested experience. This 

>ok — devoted to the Levee, and to Levee interest — is, 

Rerefore, given to the public, the Jij-st attempt to reduce 

t order and to rule, the design, execution, and measure- 

ent of the Levees of the Mississippi. Hundreds of 

■ousands of people are concerned to the extent of their 

rtunes — if not, even of their lives — in the subject treat- 

I of here; and lience is it unnecessary for the author to 



apologize to the public, for an attempt to reduce a 
subject of such immense iriiporlatice to an exact populat 
rationale. 

The necessities of a country so new as that along' tin 
Mississippi, place the manage nieut of its public works ii 
the hands of unskilled men. This fact, coupled will 
others proper to ihe case, commits the execution of tlH 
Mississippi Levees to the inexperienced good sense a 
the planter, or, less safe guide, to the inexperiencet 
manipulations of the laborer, the wood-chopper, the me 
chanic, who succeeds in obtaining from that plante 
employment as a Civil Engineer. This condition o 
things, is, under all the circumstances of the case, tJ 
some extent unavoidable ; and in order, therefore, U 
make it comport as far as possible with the proper maa 
agement of the Levees, this summary of the principle 
and practice of Leveeing, is made in temis equally Intel 
ligible to the professional short-comings of those " En 
gineers," and to the popular knowledge of those 
planters. 

Those gentlemen who, engaged on the Mississippi 
Levees are, in fnct, Civil Engineers, will doubtli 
receive this humble volume favorably. They will, it xtt 
hoped, find something in it that may assist their labors 
directly, and much that will tend to strengthen their: 
influence over the works, by convincing the intelligent 
planter, that those works are subjects of extensive refleo 
lion and experiment in a certain department of know- 
ledge. 

This Memoir, humble as it is in its pretensions, will 
do good service lo the nrnfession, and to the public, if it 



■sist the parties interested in Levees to discriminate 
fclween the educated Eng-inecr and the untrained pre 
nder. 

This volume contains a short review of the History ot 

Sibankmenls. Natural Phenomena of Rivers have also 

len considered in it briefly, especially those phenomena 

taring: more directly on the theory of Leveeing-. The 

pgineer and Levee Commissioner will find these heads 

■some value for their own guidance, and also, in obtain- 

f that co-operation for their plans, which must always 

T from enlightening, on the subject of tliose plans, 

! population living behind the Levees. 

The principles of Economy and Usefulness, touched on 

Ithis part of the subject, will be of great importance to 

J Engineer and to the Commissioner, in indicating use- 

I reforms in the present system of Levee management 

J construction. 

■The Earth-work tables included in the following pages, 

■ill be found of general interest. They embody a new 

[Btem of obtaining, by inspection, the areas of Earth- 

brks in exact accordance with the prismoidal formula. 

pey are alike applicable, as far as they extend, to the 

psms of the Levee-bank, the Canal-bank or cut, the 

: or cut of the Railroad. For slopes of a varying 

|te, or of greater extent than those given in the tables, 

i plan pursued in the preparation of those tables is 

ually applicable; and is, therefore, highly valuable to 

; practical Engineer, as a means of simplifying to an 

hraordinaiy extent, the laborious reference necessary 

lauch tables as Sir John McNeill's, for calculating quan- 

le prismoidal formula. 
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The Contractor on Leveee is highly interested in the 
publication of the Earth-work tables included in thes( 
pages. Ignorance and carelessness have, too generally, 
characterized esUmates of the quantities of Earth-work 
executed in Leveeing; the consequence being, some- 
times, large losses to Liie contractor, soinetimes large 
losses to the public. These tables, placing the fact^ 
within the reach of boih parlies, guarantee, therefore, 
justice in all cases to each. The use of the tables i 
explained in the letter-press, is short and simple. Meii 
of ordinary intelligence, knowing the heights of a Levee, 
at intervals of 100 feet, can tell with accuracy by those 
tables the solid content of the Levee. The Commissioner, 
the Engineer, the Contractor, and the PubUc, can, there-, 
fore, bring these results within the compass of the popu* 
lar knowledge. 
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EMBANKING LANDS FROM RIVER-FLOODS. 



CHAPTER I. 

SKETCH OF THE HISTOBT OF EMBaNEINO. 

** Leveeing " — ^Embanking as it is generally called — ^to confine 
rivers within their banks, and bar the approach of the sea, and 
its sister system of back-drainage, have, from a very early 
period, occupied the attention of individuals, governments and 
peoples* 

The Phoenecians, Babylonians, Egyptians, Romans, Hindoo- 
stanees, and other East Indian nations, embanked low lands and 
drained marshes. Those nations chiefly inhabited alluvial 
plains, which, by tlieir superior richness of soil when reclaimed, 
amply repaid them in the abundance of their crops, at less 
labor than was necessary to expend in the cultivation of higher 
districts. History informs us that the Babylonians and Egypt- 
ians were the first to adopt the system of reclaiming waste 
lauds by embankments. 

The low ground in the midst of which the city of Babylon 
was built, affords an early instance of the necessity of embank- 
ing ; and consequently taught its inhabitants the principles of 
construcfion in earth works. The causeway thrown up over the 
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low grounds, on each Bide of the Euphratea, leading to the oel- 
ebrated bridge over that river, is the moat remarkable, becaosa 
it is the most ancient, of which there is anj record. 

Egypt, the land of Soods and marshes, from the richness of 
its soil when reclaimed, was enabled at known periods of his- 
tory to supply during times of dearth the impoverished nations 
around with corn. Egypt, when subject to Eome, was the 
granary from whence supplies for that city were drawn. About 
2320 years before the Christian era, the greater part of Egypt 
was an extensive marsh, which Men^s, the then-reigning 
King, undertook to reclaim. He diverted the course of the 
Nile into the middle of its valley or "bottomlands ;" cutwater- 
courses and raised embankments to confine the waters within 
them. His successors, each in his turn, made similar improve- 
ments — raised mounds on which to build their cities, above 
overflow, and cut canals for irrigation. The celebrated Lake 
Mceris is represented as one of the roost remarkable works of 
ancient Eygpt ; and is supposed to have been executed by a King 
of that name; and finished about 1385 years B. C. This Lake was 
according to Herodotus 450 miles in circumference, and is said 
by some to have been in places 300 feet deep. * By means of 

* Tbia BammaT? of the great drainage works of the past follows without qaefltioa 
the alAtemeDtB of UiBtory, Hers, bowerer, it majr bo obaerved that this Luke Mrarit 
itor; neema to be one of the moet preposterous invealJoiui of evea Herodotus, Tha 
pomping necessary to keep such bd exmvatiuu dry la with even a]] the appliances 
of Hlcani an inconceirable feaL The litliog aud moving performauces of the ancient 
Egyptians are truly wonderful, but how they couid have hauled the inilnila toIiuhb 
of excavation from such a "pit" a* Lake Mceris, with an average haul of aome SO 
tniles is beyond ail couiprehensiou. Waiving, however, these difficulties, the story U 
abaurd. At an average deptli of 150 feet— one-half the alleged mailroum depth— 
the earth moved from Moeris would repreBenl a content of 2,400,000 mUliont of cabio 
yards, Supixiaiug the Egyptians furnished with the improved tools of modem oi- 
cavationa, this work at the rate of 5000 cubic yards per man per year, would have 
consumed for "loosening and littJDg" (be labor for 12 months of 480 millions of men. 
Done as stated in the reign of King Mceris, if it be auppoaed that he reigned ifa dtbd , 
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maJ it was supplied with water for eix montlia in the year — 
B water during the remaiuiag six mouths rt^turning to the 
rer by a regular ayateni of irrigation throughout the whole 
tent of Egypt ; thus supplying the laud with moisture during 
t dry season. This Mceris Canal, in itself a stupendous 
brt of art, is still entiro. It is 40 leagues in length. There 
BO two others also in connection with the lake having sluices 
^ch were shut and opened alternately as the waters of the 

J varied in elevation. 
Whe ancient Romans were more remarkable for the extent of 
Bir embankments, and the energy and skill put forth for the 
Hamation of submerged lands, than any other nation before 
Kr time. They appear to have been the special guardians 
the swamps and marshes of Europe. The inducements to 
JB guardianship lay in the great superiority and richness of 

s as compared with the more elevated districts. 
ffhe Romans embanked the Tiber near Rome, and confined 
t) waters of the Po in a similar manner for many miles from 
i embouchure. Remains of their embankments are to be 
ind in Holland, in most of the Fen-districts of England, and 
■ other countries where their indomitable energy and perse- 
rance carried them, 

pndia presented originally great ditBculties to culture. Ita 
pysical and ita atmospheric character combine to present for- 
Q draw-backs to natural production. Consisting largely 
jalluvial flats, the suddenness of its monsoon-rains, the short 
ration of those rains, and the long duration of the succeed- 
8 drought, place cultivation completely subject to these two 
EiditionB — irrigation at one season of the year, and drainage 
J another. Embankment is the prime means by which these 

pynn, ths work most tiave employed for that period id digEpu^ a]i ne 10,000,000 
tie bodied laborers [ 50 milliona of people musC tlierefore have Uved ou Iho worki, 
% Bka number baie been employed feuding them. 




iBts, or, as tiiey 

~in caUod ia ffinaaw. ' Bvnds," an tbs sraat artificial agenis 
tbat t«v« coniisrred tfae tcewng tsznnkDoe of the preetiut 
■late of tint ooantrr oa tbe aoil of lodift. The " Banda" of 
IndJA, while liaiBwing Wck the Boodi of the moasoonfi from the 
rich Hats behind tbem. nm in doable line^ ; uid l<v conBoing 
belweea then the wsters oi" tfaoise floods, reticolale Hindostan 
with numberie^ c&iuds. Nttlnnily, these waterii woald escape 
Hi pcriolis of oviTllow, ihrvrng h a few rivers ; bat, distri- 
buted thrungh nuoieroas canals, thcT are retained on their 
poswtge (o the sea safficJently l(mg to answer throngh the dry 
seasoii the purposes of irrigation. To husband the too-copious 
monsoon- rains, the natives have bailt " Bunds" of great magni- 
tude across rivei^vallies and streams, thus forming artificial 
lakes or reservoirs, often of vast extent, as storehouses, to 
supply the wants of a dry season. From these the water i& 
oonduct(<d for miles along the fianks of mountaios, acronn 
gorges aud valliea, and through the most difficalt countries, 
irrigating the land in its descent. Taught by the necessities 
of thoir country, tlio Etist Indian nations of by-gone ages have 
left btihind them the remains of works of irrigation— moun- 
monts of their greatness — unsurpassed even by Egypt. One 
of tliose on the Islaud of Ceylon, an evidence of the enterprise 
and public spirit of the Cinghtdese monarchs, is a good speci 
men of such works. It was formed of huge blocks of stoue, 
utrongly cemented together and covered over with tnrf, a solid 
barrier fifteen miles io length, one bnndred feet wide at base, 
eloping to a top width of +0 feet, and extending across the 
lower end of a spacious valley. 

Egypt was undoubtedly the cradle of the sciences, and par- 
ticularly Hydraulics. It remained, however, for later times to 
arrange the laws of Quids into well defined formula. This 
science seemed to lay dormant for many hundred years ; and 
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fraa not until during the eleventh and twelfth centuries, when 
was thought necessary to make several of the Italian rivera 
sigable, and to cut canals for drainage and irrigation, ind in 
I thirteenth century, when the practice of embanking and 
Biflning the rivers of Italy within their banks, was adopteil, 
|at it can be eaid to have claimed the attention of the learned. 
&fore the seventeenth century there was scarcely any 
lown digest of principles, by which, to carry out the works 
he Hydraulic Engineer. 

a the year 1665, a Congress of the most celebrated scien- 

i6o men met in Tuscany. At this Congress it was proposed 

r Caesini and Viviana, to confine the Chiana by banks, and 

9 conduct it to the Arno. During a subsequent meeting, at 

Uch Torricelli was present, the embankment of the Chiana 

nmended on the grotmd that the rivers Arno, Tiber, 

I Po, were confined by the same means. At this period, 

Factical Hydrodynamics received a great impetus; congres- 

mal meetings of scientific men were held, which, under the 

aity of reclaiming all the submerged lands of Italy, called 

■t the energies and talents of a host of the ablest philoso- 

pers of the age. The experience, experiments and writings, 

TOUght forth under these circumstances laid the foundation 

' our knowledge of Hydraulics in nearly all its branches. 

mongst the distinguished men contributing at that time to 

ua subject, were Gallileo, Torricelli, Guglielmini, Poleni, 

ICanfredi, Zendrini. 

L general system of embanking rivers, as a consequence of 
movement amongst the savans of the day, was adopted in 
, 80 that the Po, Adige, Tiber, Arno, Reno, and their 
ibutaries are now confined between high, artificial banks. 
, from the peculiarity of its physical character, seems 
d by nature for the cultivation of this science. Loltv 
mtaina, frequent rain-falls, heavy snow-drifts, break the 
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ngion of the Aips and Appenmes into, freqoentlr. foami 
torronti, fnrrontfi tliat, descwnding with bewUoog impetauaity 
to tbe mnre level coantry or the seH-bonrtl, poor deslraction 
upon town and 6eld. Along the low lands of ihe Po, perhaps 
the DiOMt fertile section Dfidt uorthem Italy, from the dei^truc- 
tivc character of its precipitnas floods, immenw chttnges have 
taken place from time to time. The river has freqoently 
changed it« course, filling lakes and marshes, destroyuig towns, 
and causing immense deva^IaEione. Hydraulic Engineering 
has executed ita first systematic works on the drainage of the 
Po ; and the nations of modern Europe have received there- 
from, knowledge which enabled them to carry on similar worl 
France, Spain, Holland, Germany, England and Ireland, 
tlius alike indebted in this department of practical science 
Northern Italy, And, now, embankments which reclaim im- 
mense bodies of rich land abound throughout all Europe, 

Holland is well known to be low and flat. The alluvial di 
posits brought down, before even the dawn of History, froi 
the higher districts of Western Germany and Northern France 
by the Scheldt, the Meuse, and the Rhine, resulted in amarini 
ewamp, known now as the "Low Countries." This once saH 
marsh haa been erected into tlie rich and prosperous Kingdon 
of Holland by "Dikes" or embankments. De Luck, in the firs 
volume of his Geological Travels, says, " that the sea banks oi 
the coast of the North sea, at the mouths of the Eyder and Elbe 
extend to not less than 350 miles." And by another author 
" the Southern shore of the North sea is embanked to the ex 
tent of 600 miles, the Southern shore of the Baltic for 100( 
miles, and the Bay of Biscay to the extent of 300 miles, 
the greiit rivers of Germany and Holland, such as the Rhine 
the Elbe, the Oder, the Leek, the Vaert, the Yssel, tha 
Maes, have all been confined to their channels by embank- 
ments. 
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he Zealand Dikes or embank men tx are said to be at least 
miles in extent, and to cost for annual repairs, the large 
of $800,000 I The sum expended for similar objects and 
regulation of tlie water-levels throughout Holland alone, 
lonts to 13,000,000 per annum I The early history ot 
ing in Holland, Zealand, and other places, presents a 
IB of calamities from the destructive power of water, 
ist anparalleled in history. 

ingland is probably indebted to the Romans for the first 
ihantnnents on the Thames, '" Loudon" indicates by its 
derivation from the Saxon words " Lyn din," that it was once 
" the City of the Lake," And history tells us that it owes its 
existence to the drainage of its site by embankments. The 
&ct, however, may be settled without an appeal to history. It 
U well known that many of the marshes in the immediate 
vicinity of London — now uuder consideration, as subjects for 
embankment, are 12 feet below high tide in the Thames. The 
original marshy character of the ground on which the modern 
Babylon — like the ancient Babylon — stands, is indicated also 
by the fact, that many of its streets terminate with the word 
"Wall ;" the names of several towns and places, such as Black- 
ifall, Mill-wall, &c., on the Thames, are compounds of the same 
word, which in Kent, and Essex, is, to this day, the popular 
name for embankment. It is stated in an article pubUshed in 
the " Builder" of 22d August, 1857, headed, " Two Aspects of 
London ;" that " All the space which is now ao thickly covered 
Kdrith vast works, and occupied with living multitudes, was a 
^^nlery waste, as desolate as the neighborhood of Babylon at 
^Hm present day. Standing on a high part of Clerkenwell, or 
I- falington, it is easy to imagine the picture ; — a foreground oi 
Mdges, reeds, and willows. On the South East and West, a 
apace of water extends to the base of the high-lands, present- 
ing the appearance of a large lake in which the channel of the 
Thames is not even defined I" 



so 



parNctPLca xma fiuqtice op 



The commencement of modern embankments in England, 
took place nnder Cromwell, about tJie middle of the l7th 
century. In 1478, however, the works undertaken by Bishop 
Klorton, and Bubgeqnently completed by Charles the First, 
conjointly with the Eiirl of Bedford, and his friends, reclaimed 
1 ,033,360 acres of rich land. In the space of a few years, 
previoualy to the year 1651, about 425,000 acres of fena, 
inoraeaes, or overflowed lands, wore recovered in Lincolnshire, 
Oambridgeshire, Hampshire, and Kent. Through the exer- 
tions of Sir Cornelius Vermuyden — a Zealander, who confined 
the Welland, and the Ouse within artificial embankments, a 
district has been reclaimed from the sea, in England, larger 
than the whole Kingdom of Holland. Sir John Rennie, in 
conjunction with Mr. Telford, constructed the celebrated Nene- 
outfall, which, with the aid of banks, drained immense bodies 
of rich land. Mr. Wiggins says, that "the embankments on 
the coast of Essex alone, measure 220 miles." The principal 
rivers in England, subject to heavy freshets, are all embanked, 
Ihe Thames, the Mersey, &c. 

Of late years, embanking overflowed lands has been carried 
on extensively in Ireland ; and in connection vnth the drain- 
age of those lands by deepening the beds of the principal 
rivers and their tributaries, has been done almost excla- 
sively by the Government, at the expense of the owners of the 
improved lands. 

This summary of the historical facts of embanking is required, 
by the conciseness necessary in presenting the subject here, 
to be thus brief and general. Dngdale's history of embank- 
ing — an English work of great merit, will furnish the curious 
with the details of this great head of National industry ; but 
sufBcient haa been here said, to indicate the extent to which 
the subject of Leveeing may be considered within the pale 
of practical science, and extensive practical experience. 
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Individual observation however extended will not, there- 
fore, be brought by reoRy intelligent men into conflict with 
the teachings of a knowledge contributed to by so many 
distinguished men, and tested by so many centuries of actual 
practice. 
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CHAPTER II. 



THE NATURAL PHENOMESA OF RIVERS. 



Lbtees od the Mississippi are both important and costlyj 
Works involving so much pablic and private interest, and i 
ninch pnblic and private outlay, ought to be predicated i 
principle. To oppose the laws governing a mighty river, ia i 
labor from which even the Hercules of American energy ma]^ 
TveU recoil, and therefore does it become a duty of commoi* 
sense to place that energy, in dealing with the Mississi 
a labor in the least possible discord with those laws. To ( 
this, it becomes necessary in the first place, to study the I 
of rivers generally, and of the Mississippi particularly whei^fl 
its habits are separated from those other rivers by speci 
The particular habits of the Mississippi may be made subject* 
of local observations ; but in order to confine tlie sphere o^ 
those observations to its proper limits, and to assist in its i 
ferences, it is necessary to consider here in popular terms, thi 
general rules affecting the regime of rivers as applied speciallyS 
to the Mississippi. 

Science is acquainted but generally with the causes by whiol 
river phenomena are influenced or the complicated laws bj 
which they are governed. The little success that has attended 
the labors and reflections of enquirers on this subject from thi 
time of Gallileo, ia attributable to the difficulty of making corl 
rect observations, and to the local specialities which exist itt 
most rivers. The following review contains a summary of thai 
exact laws, and approximate rules deduced from observations^J 
of rivers. 
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I The eurl'ace uf a country may be generalized into a eeriea of 
Kicliiied planes — those planea ascending from the eea-level 
U the shore, to the mountain -heights of the interior. In a 
paper drawn up for the Institute of Civil Engineers by Mr. M. 
Butt Hewson, explanatory of the system pursued by him in 
prrying out certain works for the Board of Public Works in 
Beland, the hydrographical distributions of rain-shed are thus 
■dicated : " The surface of a country is resolved by its 
wain age -waters into several systems of vallies. These valliea 
Be termed by Engineer's rain or ' catchment ' basins. The line 

■ lowest level in each of these is traced by a stream ; this 
feeam tends to its debouching point, more or less tortuously, 
■Are or less inclined. A catchment-basin is generally reeolv- 
Kle into several minor vallies associated together by the direct 
■Bcharge of their respective streajns into one common outlet ; 
K^ several points of this discharge marking the several stages 
KiDcrease in the area of the basin. A great central valley 
nverses the lowestlevelof these river-basins, secondary vallies 
nnching from each side of this, constituting in their turn 
Kntral vallies to distinct portions of the whole catchment. 
Hrtiary vallies — so to speak — branch again from these second- 
^ vallies, and like those secondaries, become bo many distinct 
nnks to so many distinct systems of branch vallies. And so 
B until the sources of mighty rivers are traced on all sides of 
^ir basins, into the ravines of far off ridges, and the gorges of 
^w-capped mountains." The physical features of a country 
Bng of this character, the fact of rain-falls results necessarily 

■ the facts of Cascade, Rapid, Stream, Rivulet, and River. 
Mwn up by that great mechanical agent, Heat — evaporating 
wer from the surface of the earth and of the sea — water-laden 
Bods, driven and distributed by the winds, are by various 
Kees precipitated on the laTid ; and bursting over any portion 
Bs> country thnir waters are congregated by gravity from thw 
Klier into the lower vallies, and collecting strength as they 
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nuh dovD tlioir several inclioMl planes, puab forwiiril in lbat( 

downwsrd course, orer cataracts, dowo rapids, through UkM 

umI genlljr doping streams, till auUing in one cj^mmon grtini 

volume in tho priioury vallej, they roll forward lo the sea, tl 

the power and tntigiiiftcence of a Mississippi, an Amazon, t 

Osoges, or a Mile. The amonnt of water thus falling upon the 

earth is not less than thirteen hundred millions of gallons pes 

wound throughout the year ; one-half of this quantity is be- 

^||Xed to run o£F the surface of the earth directly in rivera, 

^Hb IB the cause of floods, one-fourth is evaporated and takea 

^^ny vegetation, and the remaining fourth passes into the 

Mfih, keeping up a constant supply to the numeroua sprinj 

which, to a great extent, feed and preserve the summer floii 

of water-courses. 

Largo and small rivers are governed by the same laws, undei 
the Bame circumstances. The smallest rivulet has its ow 
catch men t-basln, or rain-ahed, corrodes the bank that conGnei 
it, and pushes forward towards the sea, in proportion to iti 
strongtli, the matter thus detached and held in mecbanici 
■unpeniien by the rushing of its waters. This smallest rivnlel 
U characterised by its overflows, its sand-bars, eddies, sinuosi' 
tloit, and siltings-up of bed along its course, and at its mouth, 
In prooiMoly the same manner as the great " father of waters,* 
or any of tho other mighty water-conrses of tho earth. 

The course of all rivers is so devious that the distance 
botwoon their extremities is very frequently twice the length 
(if tlinir rootilineur distance. Every obstacle or projection in 
the bunk wliore the soil is harder and of a more resisting 
imliiro tlio slishtost irregularities in the bottom and sides, 
pRrtially obstruct its course ; and according to the magnitude 
of tbftl projection, deflects, or tends to deflect, the current to 
,. (jjj,,. glilj,. This dL^floction of the current produces a 
cinj'iUr mi'lion iu the water, which acting on the soft portiouB 
nt 0*0 V.«nk. bollmva it out, forms eddies, and accelerates 
ch««iio i" tb.> ■lir-^-'i'-'" "f ""^ "■"'■'■^'"'- 
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bvorflows or freshets, in rivors are very variable in volume. 
fey are dependent upon a variety of causes being brought 
: to produce them. Heat and cold, clouds and winds, 
feats aud mountains, as first causes, are all intimately connect- 
iwith their origin ; cultivated lands, dense forests, water- 
Bring strata, and rocks of a permeable and of an impermeable 
as secondary causes, have each their respective 
^e in passing off rapidly, or in passing off slowly through 
ings, the waters falling upon them. The depth of rain-fall 
8 greatly in different hydvograpliical districts, so that two 
B with the same extent of rain-basin, may differ largely 
ihe amount of their maximum volume. Rain-shed ia greater 
mountainous districts than in plains. It is greater in equa- 
lial than in polar regions, and varies, even in the same 
ptades, to an extent often as great as that between Northern 
S Southern districts ; for instance, it is greater in Ireland 
isia, and il ia greater on the Western slopes of the 
Scade and Rocky mountains, than on their Eastern slopes. 
) sudden melting of snow, or a continued rain-storm, will 
Retimes congregate rapidly into a river channel an amount 
water equal to a high multiple of its averaj^e outflow. At 
rseilles, Fi-ance, in a shower of rain of 14 hours duration, 
in inches have fallen, constituting a high proportion of 
n-fall for twelve months ; arad at London, England, six 
have been known to fall in one and a half hours — nearly 
fe-fourth its mean annual fall. And from the same cause, 
J«Btern rivers are seen occasionally to rise from 15 to 20 feet 
124 hours ; and even a height of five feet, like a wall, is some- 
pea observed to come rolling down, sweeping all before it in 
B descent. There are various causes in the river-bed, acting 
Rretard the flow of those waters, and helping by that retarda- 
B their surface, oUch as friction, eddies, sinuosities, 
I other circuDistances. M. Vcnturi deduces from his 
Speriments on tubes with enlarged parts, '■ That eddies 
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deatroy part of the moving force of the current of the River, 
of which the course is permanent, and the sections of the bed 
unequal, the water continues more elevated than it would have 
done, if the whole river had been equally contracted to the 
dimensions of its smallest section, a consequence extremely 
important in the theory of rivers, as the retardation experi- 
enced by the water is not only due to the friction over the 
beds, but to the eddies produced from the irregularities in the 
bed and the flexures and windings of its course, a part of the 
current is thus employed to restore an equilibrium of motion 
which the current itself continually deranges." The irregu- 
larities of river-beds, and the irregularities of rain-falls are thus 
seen to be combined in producing the phenomena of floods. 
Tbe irregularities of rain-fall are of course causes beyond 
human influence, but the co-operating cause of floods — the 
peculiarities of river channels — are within the field of human 
operation, and become, therefore, the special object of enquiry 
to the Engineer engaged in, and people affected by permanent 
or periodic overflows. 

All rivers decrease in their rate of descent as they approach 
the outfall ; and this decrease is made over a series of curves 
gradually flattening until tbey flow out into the tangent or 
horizontal line of the sea-level. Short water-courses and 
minor river-basins in mountaiuous districts are generally of a 
precipitous character. Such are those of the Alps, and of the 
Western elopes of tfie Rocky mountains. Tbe large rivers 
with which this continent abounds are generally for the greater 
part of their length of slow descent. The average fall of the 
Mississippi river for the whole distance from the gulf of Mexico 
to the confluence of the Ohio, following the windings of the 
river during low water, averages very nearly three inches per 
mile. Supposing the channel of the river straight and the 
rate of descent uniform between those points, the fall wonld 
be aoout six inches per mile. But tbe actual rate of declivity I 
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Ba river ig coiisideraLly iucreiiseJ in tiinua of flood. TLua, 
Be Nile falling into a titleless sea, rises, at the city of Cairo 
■iring floods, 25 feet, at Tfaebes, 36 feet, and at the first cat- 
■aot — a point nearly equally distant from the month aa Cairo 
■Dm the Balize — about 40 feet. The Mississippi river falling 
Bto a 6ea too of a very nearly constant elevation — rises at 
few Orleans 12 feet, at Friar's Point, Mississippi, 42| feet, and 
K Cairo, Ulinoia, about 50 feet. This flood-riae at Cairo, added 
b the elevation of low water at that point, gives an average 
Bte of fall for high water, following the windings of the river, 
■ three and a half inches, and on a direct line, of seven inches 
Kr mile. There is, therefore, in the circuitous and in the 
ftctilinear distances a difference of fall equal to half an inch 
Bad to one inch respectively per mile, due to the average rate 
jd£ah during high water at Cairo, over and above that due to 
■he average rate of fall from the same point during low water. 
• A. fixed expression has been deduced for the velocity of small 
Conduits. No formula for the purpose is yet found, nor is one 
ttely ever to be found, applicable to the infinitely varying 
naditions of velocity in large rivers. Whatever may be the 
fc-efficients and the combinations necessary to give precise- 
BHS to any mathematical expression for river-flow, the terms 
B that expression may be held, in general, to be the rate of 
KU, the depth of volume, and the content of the sectional area 
fciriction-Hurfaue of the bed. Any change in either of those 
■iree conditions, will — all things else being equal — involve a 
Kooge in the velocity of a river. Gravity being the motor in 
H-cases of water-flow, that flow would, unless under the infla- 
Etce of some retarding cause, take plaee, like the free fall of 
Eiy other body, with a constantly operating acceleration, 
mese retarding causes are more than one in the case of river- 
nw ; they are repretented by the loss of mechanical effect 
Kaing from the shocks of the bank, and the friction of the 
nd. The retardation arising from friction is one of constant 
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opomtioii. The lower planed of the cross-section of rivBP- 
fiuffer more active retardutioii from this cause than the up] 
planBB J the fonner being retarded by the friction of 
motion over the rougbnesa of the bed, while the latter ar? 
retarded by the greatly reduced friction of sliding over the 
comparative Binoolhnees of the lower water-planee. The deepei 
the volutfie of a river, the higher therefore, is, not only ita 
surface velocity, but also, Its mean velocity. And the same 
remarks apply to the vertival planes of the volume ; the great- 
est retardation taking place at the sides, the least in the centre 
of the stream. The greater the width, therefore, the mor9 
active — so far as side-friction can effect the result — is the floi 
But the friction of the sides is so small as compared with tb 
of the width, that the latter general deduction may be disi 
garded ; and we may conclude, practically, that an actii 
increase in the velocity of a stream — a decided diminution 
the retardation of friction — is always the result of an increa 
of depth. 

In even small streams a fall of one-tenth of an inch per mil 
will produce a sensible How. In large streams this rate of 
inclination, would, as seen by the above reasoning, result in 
current proportionally more considerable. The frictioq 
resistance of a river-bed is higher for higher velocities thi 
for lower ; varying, accordiug to the observations and deda 
tiona of M. Eytelwein, as the rate of the square of the velocity 
Such are the general facts of fall and friction. 

The effects of tributary waters, on the volume and velocit 
of streams, appear somewhat paradoxical. Gennfitte, supporte 
by M. Eytelwein, asserts that one river may absorb another c 
equal magnitude with itself, without producing a sensibl 
elevation of its surface. Cressy, in his Encyclopedia of Civ 
Engineering, sustains this opinion by citing the absorption ( 
the Inn, by the Danube ; of the Mayne, by the Rhine ; of th 
Sechio, by the Po, and of the Teverone, by the Tiber ; thin 
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norption, he states, taking place without making tbe volnme 
9 absorber in eacn case either deeper or wider. The only 
feet of the accession to the bod_y of water passing through 
a main channel, in each of the instances named, is gaid by 
tesey, to be an increase in the velocity. Guglielmini, in 
i of the same opinion, refers to the accession of the 
ttera of the Ferrara, and Panaro, branches of the Po, to the 
Bliime of that river without, as he alleges, producing any 
Bible augmentation of its channel. 
A corresponding increase of velocity must of course be 
supposed a consequence of such an acce88ion,if weare to accept 
as a fact, that the accession of a tributary has no effect on the 
ividth or the depth of its maiuout-iVill. This increase of velocity 
in the united volumes must, however, he referable to some com- 
mensurate mechanical cause. The tributary volume, it is true, 
discharges into the united volumes, the velocity proper to 
itself ; and therefore, waiving the fact of altered rate of fall, 
or of altered depth of flow, the united volnmes maybe held, on 
mechanical grounds, to flow, after union, at a proportional 
average of their respective velocities. That the union of the 
two waters flows off without any increase in the original volume 
f tbe main stream, were to suppose the result of their blend- 
^g of mechanical effect, the sum, volume for volume, of their 
iginal rates of flow. If the two volumes were, for example, 
ISHhI, the one moving originally at two miles an hour, the other 
St three miles, then would the discharge of the united volumes, 
pitfaout increase of width, or depth, or rate of descent, suppose 
fl resulting velocity to be Jive miles an hour. Mechanically 
i is not supposable. Therefore, must we come to the 
DUcluaion that it is impossible that the union of two rivers 
1 take place without an increase after the union, in either 
Bidth or depth. Eytelwein and Creasy must clearly have 
ther mistaken the fact or have stated it erroneously. 
BThe conclusions of the respectalilo names given under this 



heud, are, like nil couclapions, open to questiou. Tho fads, 
Jiowevor, muat be received beyond uU doubt. While there om 
be no question w to the facts, tliat the Dannbe. the Bhine, the 
Po, tlie Tiber, in all the inatanceti of aceeesion named, have not 
been widened or deimied ; the inference ia irresistible, that id 
all theae inatanuea, they mast have been, to at least eome 
extent, deepened. The fact of deepening, resulting, as pre- 
mised above, in a proportional dimioution of frictional 
resistance to flow, involves directly- an increase in the rate of 
flow. This, combined with the mechaaical impulse of the 
tributary volume, must, by accelerating the velocity, make the 
increase of depth proportionally less than the increase of 



It has been remarked by several writers that the width of 
the Mississippi below the junction with the Ohio, ia less than its 
width above the junction. This is not only true of the river 
in the case of the accession of the Ohio, but also, of all acoea- 
eious below that, and indeed, of the channel generally from 
Cairo to the Balize. At Cairo, the MissisBippi is upwards of 
a mile wide ; at New OrleanSj the width is but half a mile. 
But this narrowing down-stream is accompanied by a corres- 
ponding deepening — a truth that ia established popularly by 
the fact that the higher a steam-boat goes up stream, in low 
■water, the more difficult is the navigation ; until, at Cairo, 
further navigation at such times becomes almost impossible, 
even for the amallost craft. 

A rough approximation of the sectional areas, in times of 
flood, of the Mississippi, at Cairo, and at New Orleans, in con- 
junction with a like statement of all its intermediate tributary 
streams, will be found on the next page. 

Ad accession of some 500,000 square feet of tributaries is seen. 
by this statement, to be passed through the Mississippi river at 
New Orleans with an increase of volume over that at Cairo, oi 
but 160,000 square feet; and through a channel upwards oi 
twice the depth, and but one-half the width. 
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At Cairn, Uie Kectionttl area of the Mississippi, ia about, ■ 
Of tlie Ohio, at jancUon, the seulionnl area is abunt, 
Of UiB St. FraiiciH, at junction, 
Of Wliite River, at do. 

Of Ai'kaiiHaf, at do. 

Of Tazoo, at do. 

Of Big Black, nl. do. 

OfaedBiver, at do. 

Of other IribulJiiiBs, at do. 

Of 0)8 MiHsisaippi, at New Orleaod, 



■ 325,000 feet. 

- 260,000 feet. 

21,000 feet. 

- 28,000 feet. 
66,000 feet. 

- 21,000 feet. 
21,000 feaL 

- 52,000 feeL 
18,000 feet, 

802,000 teet, 
480,000 feet. 



fiia fact, ascertdJDed loosely as it is, establisheB the correctneea 

the general conclusion reasoned to above, namoly, that 

Biule OD the antbority of the statements of Gennfitte, Eytel- 

Giiglielraini, Creasy, we must accept the fact that 

tebntary accessions to the volume of a river do not widen, or 

Rbvate their general level, all such accessions result in an 

iCelerated velocity, and an increased depth. As a practical 

plication of this conclusion in the case of the Mississippi river, 

)6, therefore, safely affirmed, that the retention of 

feS-water in the channel by levees, like all tributary acces* 

pOH to its volume, while deepening the channel, and 

pcreaaing the velocity will not, as a direct conseqaence, 

levate the surface of the water. 

I The conclusion arrived at in the foregoing paragraph appears 

face paradoxical. Paradoxical or not, it must be 

lerved that it is a conclusion drawn fairly, from undoubted 

remises. It will be said, if the enclosure of swr/ace-flood-water 

l^thin the channel do not elevate the level of the river-flow, 

7 is it that the accession of any flood-water at all produces 

t elevation ? The inference drawn above is not affected by 

I question ; because, not declaring that there are no varia- 

of river-level, it apnl'^n to only those circumstances 

B^der which a tribut^iry-floiT^ io discharged into the river-chan- 

] at thepei'iod of a corresponding flood in that main chaoaeL 
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from its own supplies. The coTiclusion arrived at is in trut^^^ 
this : — a glut of water in the Miesissippi will not be increaaed^l 
in level by the accession of other gluts, from the Ohio, Arkai^| 
sas, &c. But if we are to suppose every accession of floo^^H 
water an accession of height ; and that we begin w^j^^H 
over-flows of even 6 feet at the accession of the Kiasonri, ^^| 
6 feet additional at the accession of the Ohio, of 6 feet moi^^H 
for all accessions of minor streams, of 6 feet more for t^^H 
accession of the Arkansas, of 6 feet more for the accession ^^H 
Bed River, the flood level at New Orleans — assuming ^^H 
adaptation of channel as we go down-stream — would be 30 f^i^^l 
above the surface of the land ! But what, on the contrary, ^^B 
the fact 7 The elevation of floods at New Orleans is alt^^H 
gether but 12 feet above the low-water mark, which ina-ecis^^^^ 
upstream, it is in fact, at Cairo, 50 feet — and this in the face ^^H 
all the accessions from Hatchees, St. Francis, White, Arkansa^^l 
Yazoo, and Bed Biver. ^^M 

The direct agent of change in a river-courae is the cQrren^^| 
On the banks this acts in two ways — by friction, and by impac^H 
The greater the velocity the greater of course will be tl^^| 
length of the rubbing body that, moving along the bed an^^| 
bank, constitute the friction. The friction, therefore, vari^^H 
with the velocity ; being twice as great for two miles as f(^^| 
four miles. Friction, varying also, as the weight of tl^^| 
rubbing body varies as the depth, being twice as great in ^^M 
depth of 40 feet, as in a depth of 20 feet. All sections 4^H 
channel are subject to this consequence of flow ; but the mot^^| 
even and regular the section, the leas the friction. In irreg^^| 
lar and uneven sections the friction runs from friction propi^^H 
into impact. ^H 

Impact begins in channels where friction ends. A strea^^H 
flowing over a smooth, straight bed is resisted by only th^H 
adhesion due to friction ; but over a rough, crooked bed i^H 
reaisted, in addition to this adhesion, by shocks to the regula^^| 
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f of its flow, whether agiiiust ahouls, bars, stumps, or bends. 
bia further resistance combines within it all those impedi- 
Wnta involving impact ; and for whatever part of the 
tOBS-aection of the flow is engaged in this impact, varies as 
le weight of that cross-section multiplied by the square of the 
jlocity. The weight, however, varies directly as the depth, 
BDg twice as great for a depth of 50 feet, as for a depth of 
i feet; and hence does a river become the most powerful 
jent of change by impact, at periods of highest flood. The 
docity, too, increasing with the depth, shews again and in a 
igher degree, why a river exerts its greatest energy", so far as 
ipact expresses that energy, at the period of its greatest 
>pth. For impact as measured by velocity increases as the 
[Hare of the velocity, being nine times as great for the same 
Ipediment and the same depth, in a stream of six miles an 

-, as in a stream of two miles an hour. 
The effects on river beds and banks from friction and impact, 
tsnot be given here more satisfactorily than in those general 
ementary terms. No experiments that have come under my 
lowledge, furnish a measure of the effects of friction and 
upact, in the case of rivers, by practical examples. 
Friction and impact, so far, have been touched on as agents 
H excavating iQdteTia\. After this excavation, however, they 
}ntiniie to act on the material excavated with their combined 
iTces. A lump of earth for example, being rubbed off by 
iction or knocked off by impact in the channel, is taken up by 
e water and impelled forward by the rubbing and the striking 
'the flow. Small bodies, and bodies of a weight a little more 

1 water, are thus moved along by the stream in suspension ; 
rger bodies of a weight considerably greater than water, 
ling, by the same power, rolled forward over the bottom. 
his energy, this power of transportation of material within its 
isnnel by a river, may be understood in relative terms by the 
nark that it is the combined effort of friction and impact — of 
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the robbiug of the plniie« of w«t«r that (l«iw pant tlinl mnturial 
and of the etriktn}^ of that part of the flow which it impedes. 
Pmctiail results, however, gi vb this energy a plainer expression. 
The following facttt.aHcertaitied after a aeries of careful experi- 
BQunta by Dubuat, show deiirly the absolnte energy of several 
velocitiee of rivers for the transport of materials loosened by 
their currents, or otherwise deposited in their beds : — 

CU; St for pottery removed by wBior flowiug at ibe mle per second of 3| incbos. 

FiD8 und remuTwl by waier flowing at the rate per second of - 6) inchei, 
Oniiel about Ibe aize of peas remoTed by wster runDing al the rate per 

second of -..-.-....yji 

Gravel nbontlbfl size of beans removed bj water nuuiing althe mleper 

second of - , . _ . - - - - 121 tnohi 

BliiriRla — large gravel — about one inct in diameier, removed by water 

runuJDg at tbe rale per second of ■ ■ ■ ■ ■ - 25) iadbi 
Flints about Ihewze of ben's eggs removed by waler running at the rale 

per second of- - - - - 40i 

Bniken slonos ronioved by water at Ibe rate per second of - - IS i 

Soft rocks begin to yield with a velocity per second of - - • 52 i 

Rucks witb distinct stratJQcadoubegiD to yield wiLb velocity persecond of 72 ti 

Hard compact rock begim to yinld witb a velocity per second of - 120 inchel 

From this table it appeara that the very moderate velocity a 
950 feet per hour, is capable of moving clay ; of 1900 feet pe; 
hour, capable of moving fine sand, and of half a mile an hour 
capable of moving coarse gravel. The carrying or propelling 
power of a stream on bodies within it, is seen from the table to 
increase with its velocity ; the materials capable of movement 
in a current of 4 miles an hour, being incapable of motion at 3^ 
2, or 1 mile an hour. This fact leads to some of the most itoi 
portant changes in rivers as "will be shown below. As no pra» 
tical examples of the abrasive effects of a current have beei 
given above, it may be observed here, that those effects, resull 
ing as they do from tbe same causes, which, certainly with ai 
energy less in degree, constitute the propelling power of cm 
rents, are presented in the facts of the above table relatively, ' 
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Impact and friction "wkabing away" or "caving in" the 

Material of a river channel, it lias been seen that impact and 

fcictiou continue to act afterwards on the material so " washed " 

" caved," for its propulsion along the channel into the out- 

r or Bea. It has also been ahown that this propelling power 

igreater or less as the velocity of the stream is greater or less, 

piction, it has too been promised, is greatest in its retardation 

pflow at the bottom and at the sides, the rate of flow being 

Ways greatest in the middle, and at the top of the stream, and 

uisisbing from that top and from that middle on either side, 

JBtil, at the bottom and at the sides, it becomes the least. This 

msideratton may be put in this shape : the velocity of a stream 

imneqiial at every point of its section. Now a mass of material 

mio'ken off or rubbed off by a current from the bed or bank is, 

■wnen bo broken or rubbed off, placed free to move in a current' 

t a certain velocity. This velocity, let it be supposed, has 

jnergy sufBcient to propel that mass. Like all moving bodies, 

e motion of this mass tends to follow a straight line in the 

rection of the force acting on it. But at a sudden bend or 

pbstacle in the river the thread of the stream, acting on this 

foft mass, may be supposed to be deflected at a large angle 

rith its original deflection. The mass, being heavier than the 

^responding thread, will be deflected from its original direction 

i a smaller angle than the water ; and hence, will take its 

Lce in a different part of the water-section. By irregularities 

I the direction of the flow the bodies rolled along a river bed 

i thus Been to be constantly shifted frcHn one position in the 

s section to another position in that section ; and conse- 

[Qently are seen to be shifted into velocities constantly ckangitig. 

i bodies carried along by a stream and so light as to be held 

t first in suspension, the constant actiou of gravity tends to 

9 depression of those bodies ; and thus, in urging them con- 

atly downwards, brings them in their dropping through 

fefeut depths, into different rates of flow. All material then, 
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whether large or aiaall, light or heavy, are seen to be aubje^^ 
in river channels, to constaDtly changing velocities ; and hence, 
tlie carrying'^wer of rivers depending on velocity, all material 
too heavy or too large to be moved by the smaller velocities of 
the cross-section of the stream, when once shifted into a poaition 
having any of those smaller velocities, sinking to the bottom, 
becomes fixed. The lighter and smaller bodies rolling along 
that part of the section where this material thus becomes fixed, 
accumulate around it as a nucleus, and this process of fixing 
heavier matter and retaining lighter matter, results in shoals, 
bars, islands, and those deposits known on the Mississippi, aa 
" making banlcs." 

The amount of material carried down-stream by a river, 
varies, as has already been seen, with the velocity and volume 
on one hand, and varies on the other hand, with the hardness 
or softness, lightness or heaviness of the material composing 
the bed and bank. The quantity of solid matter borne for- 
ward by the Ganges is estimated at 1-40 of its volume, the total 
quantity of earth propelled per year by that river being esti- 
mated at the almost incredible amount of about 315,000 million 
cubic yards. The Ehine is estimated by Mr. Horner to propel 
solid matter to the amount of 1-16000 of its volume. At New 
Orleans the earthy matter propelled by the Mississippi is esti- 
mated by Dr. Riddell, taking a mean annual average, at an 
amount of 1-1700 of the volume of the flow. The Mississippi 
is shown by the estimate of Sir C. LyeU to carry earth below 
New Orleans to the amount per annum of 137,000,000 cubic 
yards. 

Of the whole material propelled by a stream, a proportion 
has been seen to be precipitated from mechanical causes in the 
form of shoals, bars, islands, "making banks," &c. The residae, 
however, of this quantity of matter is carried forward to the 
debouch ; and pushed for further propulsion into the outfall 
stream, or partly for further removal, partly for permanent de^ 



EHBANKING LANDS PROM BIVEE-PL00D8. 



37 



—impelled ioto the sea. This deposit of material by saii- 
llBchargiiig rivers, is the cause of that general accompaniment 
if 8 system of rivers — the Delta. Constant in its operation, 
ause of the formation of Deltas would, under circnm- 
IB always the same, lead to the constant extension of those 
). This extension, however, must be held under its gen- 
ii circnmstancea to take place, as measured by its direct ad- 
ince, at a rate constantly diminishing, until finally it shall 
tve reached its limit of direct advance. The trend of a 
ftore-line may, for instance, be supposed to place the debouch 
P a river in dead water ; and this dead water, favoring the 
becipitation of material, the earth propelled into it by the 
B^r, produces, to a certain point, a constant direct advance of 
'■ river's Delta. At this certain point, however, the Delta 
Wy be snpposed to have passed from the dead water of its 
I formation, and to have become subject to the disturb- 
[ influence of an active current. Direct advance at this 
i of its growth may be thus considered at an end. The 
1 of the river-flow crossing the course of the sea-cur- 
n angle, the resulting direction of commingling and of 
'posit, follows a bend increasing more or less rapidly, accord- 
Bto the energy of the sea-current, as compared with that of 
' river, until, finally, it shall have assumed the line of the 
*curreut. Such, in general, are the causes and condition of 
Jfl growth of Deltas. They apply alike to the Deltas of the 
■isaiBsippi in this country ; of the Orinoco in South America ; 
f the Ganges, of the Irrawaddy, of the Indus, Ac, in Asia ; 
1 the Nile, and of the Niger in Africa ; and of the Ehiue, of 

lone, of the Po, of the Danube, &c,, in Europe. 
^The rates of advance in Deltas, consequent as they are on 
ne varying causes aifectiug their formation, are variable for 
parent Deltas, 

Ganges and Burrumpooter, deliver into the Bay of 
igal solid material to the enmnous amount — during tlio 
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flood season — of 500 million cubic yards every Iwenty-fooi 
hours. There is no information at hand, as to the rate of 
growth of the Ganges-Barrumpooter Delta. The incomplete- 
ness of the recorded facts of the rivers of the great Deltas oi 
the world, makes it impossible to deduce any general law aH to 
the rate of Delta growth in any particular case. In this place 
may be added all that are at hand of the facts of Delta growth ; 
and, indeed, perhaps this may, after all, he quite sufficient for 
ihe practical purpose aimed at under this particular head, — - 
The Delta of the Nile haa advanced but two miles since the 
time of Herodotus ; but small as the consequent rate of advance 
is, it has now been ascertained to have altogether ceased. The 
Po, and the Adige, discharging at the same point into the 
Adriatic, have formed their joint-Delta since the time of the 
birth of Our Saviour. One hundred miles in width, this Delta 
has, up to the present time, advanced into the sea upwards ot 
20 miles. Sir C. Lyell, after comparing the present tongue of 
land below New Orleans, with the map published by Charlevoix, 
Hlleges that the Delta of the Mississippi River has not advanced 
more than a mile in a century. Mr. Rogers, in his report to- 
Ihe British Association on the Geology of North Americaf 
bays however, that, " as an example of the rate at which it is 
growing, the old Balize erected at the mouth of the river, about 
the year 1124, ia now (1834) two miles above it. There was 
not at that time, the smallest appearance of the island on 
which, 42 years after, Ulloa caused barracks to be erected for 
the pilots, and which is now known as the new Balize. The 
distance from the mouth of the river at which the chief deposit 
of eediment usually takes place ia about two miles ; when 
these shoals accumulate sufficiently they form small islands, 
which soon nnite and reach the continent, and thus the Delta 
increases." 

In this statement of the growth of Deltas it must be observed 
that the statement for that of the Nile and of the Mississippi, is 
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applicable to rivers uticoiifined by Levees. The Nile overflows 
its banks without artificial restraint. The Mississippi, tip to 
the period of the observations referred to, had been hut very 
partially Leveed; andheuce dothoaeobservationsofMr. Rogeri 
refer to a river without Levees. The factsof the growth of the 
Delta of the Po-Adige are, however, since the sixteenth 
century, those of a Delta formed by a river whose floods are 
confined within artificial banks. The rate of advance of the 
Delta of the JJile from the birth of Kiatory until now, has been 
4 feet a year; of the Misaissippi from 1724 to 1834 has been 
96 feet a year; of the Po-Adige, for the period between the 
beginning of the first and the beginning of the thirteenth cen- 
tury, 22 feet a year ; for the next following 400 years the 
advance has been 82 feet a year ; and for the 200 years next 
after that, it has advanced at the rate of 229^ feet. The present 
Levee system of the Po had its origin in the 13th century, but 
was incomplete until the commencement of the 17th century. 
Since the beginning of the 17th century, however, the em- 
bankments of the Po and Adige have been completed from end 
to end. The unleveed period of the Po shows an annual rate 
of advance in its Delta of 22 feet. But from the introduction 
of the Levee-eyatem on that river (taking the -average during 
the whole period of its progress.) the rate of advance of the Po- 
Adige Delta ran up from 22 feet annually to 82 feet : and from 
the completion of the Levee-system, taking the experience of 
200 years, the advance of the Po-Adige Delta haa run up from 
82 feet annually to a yearly rate of 229i feet. The conclusion 
then from the experience in the case of the Po is irresistible, 
ID the absence of any other especial cause, to account for such 
an accelerated advance, that the confinement of the river Po 
within embankments haa caused its Delta to advance into the 
Bea with comparative rapidity. Levees therefore, may be held 
to involve an accelerated rate of extension of a river-Delta. 
The advam-e of its Delta exerts decided influeu'.'eon the high- 
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water level of a river. The flood-height of the Miaaiasippi, whi 
at New-Orieana has been stated already at 12 feet above lo' 
water, ia at Friar's Point 42J feet above low water, and at Caii 
is 50 feet. Every 3 inches of elevation at New Orleana repn 
sents therefore an elevation at Cairo of 12i inches. Now th( 
rate of fall from New Orleans to the sea is aboutljinchea pi 
mile, and therefore au advance of the Mississippi Delta at 
accelerated rate based on the acceleration resultingfromLevei 
to the advance of the Po-Adige Delta would give — by 
sion in 100 years of 4i miles of Delta — an additional elevatii 
of 6i inches to flood level at New Orleans, an additional ele' 
tion to that level at Friar's Point, of 23 inches, and. at Cairo 
additional elevation of 27 inches. The relative height of higl 
water at any point on the Lower Po, in comparison with tl 
at any point on the Upper Po, is not conveniently obtainable 
but assuming it the same as between that at New Orleans, 
that at the Balize on the Mississippi, the extension of the Po- 
Adige Delta since the completion of the Po and Adige Levees — 
9 miles of extension— must have occasioned, for the preservation 
of the same rate of incline of outflow from Ferrara down 
stream, as from New Orleans down stream, an elevation 
Ferrara of 13 inches. The elevation of the Po, however, 
Ferrara is measured not by inches but by feet ; and the increaai 
of this elevation since the completion of the Levees must, there- 
fore, he referred to some other direct cause than the extraor- 
dinary extension of the Delta. 

The overflow of a river discharges a large proportion of its 
earthy matter upon the land. The confinement of the Elver 
within Levees confines this proportion of its earthy matter to 
the channel. The immense amount of the material ao added 
to the work of the stream, may be inferred generally from the 
fact that in the case of the Nile, it was distributed over Egypt 
by overflow, and has caused the elevation of the whole surfaos 
^ the country since the Christinn era, at an average rate per 
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hundred years of 4J inches. The greatness of the aggregate 
j mass of matter added to tlie original proportion in ita volume 

by the construction of Levees, may be inferred generally, by 

the immense additiona reaultiog from Levaea to the growth of 

Deltas. But the carryiug power of a water-courae, like all 
I other mechanical agencies, has ita limit ; and when we see any 
l;4^aBe loading it beyond its previously established energy, we 
I laay reasonably expect that a portion of its excessive work 

■will of neceasity be left undone. The motive power of ariver 

I -acting up to its limit in the removal of matter from ita source 

Ijto the sea, may be readily supposed under ita inaufSciency for 

^e removal of the extra matter accumulated within its Levees 

i drop a portion of that matter into irregularities in ita bed. 

Hhe matter so dropped may be supposed to accumulate in 
K^JS'^i ^>^ every accession of material increases the weight of 
■ inatter to be moved, over and above the ensrgy of the stream. 
PjBnt these causes of deposit in the beds of rivers apply in tho 
ftparcharging of matter in streams whether Leveed or unleveed, 
liihough from the retention of aU the matter within the channel 
iPby Levees, much more strikingly in the case of Levees, The 
V'JNile illustrates the fact that unleveed rivers undergo a constant 
I -devation of their beds ; for while the matter deposited during 
l^e overflows of that stream as already stated, has elevated the 
B*irface of Egypt 4^ inches per century, the matter deposited 
Lvithin the bod of the river has elevated the level of that bed 
WAt the same rate. The facts in this case are so well defined 
I Ihat it may be well to place them here on record. At Dami- 

^tta, the Balize of the Nile, where the elevation of overflow 
|;in the river is imperceptible, the elevation in the level of the 
jriver-bed and river-bank is inappreciable. At Cairo, 120 miles 
|:from the mouth, where the flood-level is 25 feet above low 

frater-mark, the elevation of the land and of the river-bed is, 
I the Christian era, 5 feet 10 inches. At Thebes, 500 
1 from the mouth, where the flood-level is 36 fuct above- 
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the low water line, tlie Imitl nnd t!ie river-bed tiave bee^ 
doTRtod.eince tlie birth of Our Saviour, 7 feet ; while at tl 
firit Giitiiritta, 100 miles higher np-fltream, the level of tbebtf 
and of the bank have been raised, niiice the same period, | 
much as 9 i't'et. Assuming the same width of channel in H 
Nile at Cairo, at Thebes, and at the firi^t Cataract, s 
BBBuming further the same amount of detritus carried o: 
ume for volume, by tlie overflow at each of those three p 
wo may not be gurpriaed to find that a 40 toot flood, giving d 
elevation of bed to the extent of 9 feet, a 36 foot I 
elevation of bed to the extent of 7 feet, and a 25 foot flood.^ 
elevation of bed to the extent of 5 feet 10 inehes, the heig 
of flood bears an almost uniform proportion to the height 1 
the elevation of the bed. Where the height of flood if 
tlie elevation of bed is also nothing — at Damietta. In 18j 
years, it is thus seen, that for every foot high of the flood J 
Cairo, the Nile baa elevated its bed 2.80 inches, at Thebes 2a 
inches, and at the first Cataract has elevated its bed for ev^ 
foot of flood, 2.70 inches. This furnishes for streams perfeot 
analagous in all particulars to the Nile, an approximate scale ^ 
estimating the rate at which they elevate their beds while fl 
disturbed by Levees in the distribution of their detrit^ matti 
over the adjacent countries. But while such is the rate of bn 
elevation in unleveed streams, we have seen, as reasoned <f 
above, that the rate of bed elevation must necessarily fc 
more rapid in rivers confined by Levees. But one special faj 
confirmatory of this general proposition is, however, witl 
our reach. The Rhine, which is Leveed from the sea almost j 
its source, has since the Christian era elevated its bed at t 
City of Mayance, 13 feet 4 inches. The Levee influence i 
this case has been in operation for but 300 years ; and, then 
fore, assuming the rate of elevation in the river when it ovet 
flowed its banks the same as that of the average of the NilJ 
the bod-elevation for the 1500 years of overflow must hav^ 
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been 6 feet, and for the 300 years of Levees be so much as 7 

feet 4 iuches, or six-i'old as great. The flood-level of the river 

Po, it is true, is said to be higher than the roofs of the houses 

ID the city of Ferrara ; but this statement is so loose that it 

may mean very much or very little. If the houses referred to 

be but one story high, the flood-level described in the statement 

Exoay not be higher above the streets than ten or twelve feet. 

1 London to-day, it would not be considered wonderful if we 

lieard that the Thames, during high tides, stood as high as 

[the eave3 of some of the small houses in Blackwall, south of the 

iFbames. And in New Orleans it would not be at all surprising 

■to learn, that during the late floods, the water of the Missis- 

nppi stood higher than the roofs of some of the little sqnat 

ottages on the edge of the swamp sloping toward Lake Pon- 

fehertrain. Oriyinally, marine swamps, as Loudon, New Orleans 

aad Ferrara, bad been, it is after all not so very remarkable 

utt the levels of those swamps should be found now, as they 

[otibtleBs have been from time immemorial, considerably 

IflepreBsed below flood-water. Seeing then that the record is so- 

9 in the case of the Po, it may be assumed that while that 

»rd points to a great elevation in the river-surface since the 

nsfrttction of its Leveea, such an elevation, i'rom the manner 

S which it is stated, must not of necessity be held as by any 

s alarming. So much for the reasoning and the facts as 

3 the elevation of river-levels, whether the rivers be or be 

llot confined by Levees. This question of bed-elevation and, 

Iterefore, of surface-elevation, has been made a great bugbear 

I reference to the embankments along the Mississippi ; but 

iten the few facts known in the case are subjected to exami- 

lation, only such planters as take a very active interest in their 

[reat grandchildren will, whde reclaiming the magnificent 

ifites of the Mississippi, trouble themselves by the reflection 

3iat after the reclamation of those lands, they may revert in 

Peome future century back to swamp, on the ground that the 
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works of reclamation tend to elevate the flood-level of thai 
river, according to the experience of a city 300 miles ap thoa 
Rhine, at the rate per year of leas than one-third of an iochl ' 

Incidental to the question of Levees, a few remarks may beS 
added on the subject of Debouch-bars. In a Delta these bare| 
mark the shallowest water of its respective paases ; the volum 
deepening up-stream until, at the junction of the j 
reaches its general depth. The Rhone, at Aries — 20 mile| 
from the sea — has a depth of 43 feet, whereas the depth c 
water on its bar is but 6 feet 6 inches. This river has Aval 
passes or mouths. The Po di Volano — one of the passes of thel 
River Po — has a depth on the bar of but 2 feet 6 inches ; whU»J 
Eome seven miles up-stream, that depth increases to ten I 
The same general fact has been observed at all the seven paasesl 
of the Nile, and of the numerous passes of the Ganges. This J 
law of Delta-debouch is illustrated forcibly in the case of thej 
Mississippi. The South-west pass^tho deepest of the whol»,,l 
has, according to the United States Coast Surveys of 1851 an'dfl 
'52, a depth of about 13 feet, whereas, according to Sir I 
Lyell, the river has a depth at New Orleans of 168 feet. 

In Deltas, rivers always divide into branches. Consequei^ 
on this branching the loss of volume in each outlet results— 
by the great increase of friction, &c. — in a loss of momentum.J 
This loss of momentum, lowering the aggregate carrying 
power of the stream, results in a proportional acceleration OW 
deposit ; and therefore, going on from its starting point — thai 
branching — under the effects of a constant retardation, reacheBl 
its limit on the pass-bar. This, then, is the point of greatestd 
deposit, and therefore of least depth ; whereas, the branchiq 
point ie the point of least deposit, and therefore, of greated 
depth. Thus we find the Rhone, the Po, the Nile, the GangeB 
like the Mississippi, all shallow in their passes, and deep abori 
the separation of those passes from the main channel. Thai 
facts and reasonings on Delta-bara point directly tothenatiu 
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kemedy for lowering the water-line through a Delta and remov- 

Bg its bars. The difFuaion of the .water-flow being the cause 

lof those evils, their remedy lies clearly ia its concentration. 

FThe condensiug of the whole volume of a stream in one channel 

r<.will, by increasing its momentum, give a carrying power that 

will remove and transport far out to sea, the silt that, with an 

• carrying power, sinks into the bed of half a dozen 

The improvement of river-beds, whether for the 

{porposes of navigation or drainage, ought never to lose sight 

^f the prime importance of coiuxntrating the Jlow, in order by 

Jins increasing the momentum— the " scouring" power — of 

Btiiat flow to remove the greatest possible amount of deposit 

■from the bed, and thereby deepen the channel ; to propel that 

V-'.deposit out into the distributing currents of the sea, and 

I thereby retard or stop altogether, the extension of the Delta. 

L;This conclusion is confirmed by the experiments of Genn6tte, 

E'tho observations of Guglielmini, and all the subsequent expe- 

t rience of the most respectable practitioners in Hydraulic 

I Engineering. 

The bars of the Mississippi mouths are subjects of great im- 

I portance to commerce. The report of attempts to remove one 

[ or more of those bars by dredging, is incredible. Such an effort 

L -were a repetition of the story of removing the soilof the Augean 

I Btable. The mechanical power engaged in piling up material 

1 serosa the passes of the Mississippi is that of the Mississippi 

I itself; and it were the rankest of folly to attempt to undo the 

I oonalant work of that power by the puny efforts of some 100- 

f horee-power dredge. The Mississippi itself is the only power 

k tiiat can be brought to bear in the case to undo permanently 

I the work of the Mississippi, The Clyde, a century ago, did 

* not present a navigation-depth of over three feet aa high as the 

City of Glasgow ; but, though the bars and general bed were 

hard gravel, such has been the efifect of concentrating its waters 

between regular lines of wharfs and jetties that it, to-day, bears to 
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the Quays of Glasgow sea-goiog vessels of some 20 feet draught 
Coiicentration then of its waters in one channel is the i 
means for removing permanently the Misaiasippi bars ; 
thereby preserving for New Orleans a commerce that otherwiai 
must become every day more embarrassed as the Delta-advana 
adds uncertainty, difficulty, and danger to its communicatiix 
with the sea. 

But the commercial ground applies also to the other groimdi 
of this course. The concentration of the waters of the Migj 
sisaippi will not only assist shipment by removing the paBS-baa 
but will assist drainage by keeping down the water-line. Tifl 
greater the momentum at the mouth, the greater the power o 
the river in displacing sea-water, and the greater the d 
ment of sea-water, the greater the outflow of river-watM 
Thns then does the concentrating of the stream tend to t 
depresBion of the up-stream water-level. But the elevation i 
the water-level in Delta-rivers has been shown above to go ou 
steadily with the extension of the Delta — a mile of extenaio 
that of the Mississippi being taken to represent an elevatio 
the flood-level at New Orleans, of IJ inches, at Friar's Poin 
6i inches, and of 6i inches at Cairo. While the increased d 
placement of sea-water, as suggested, leads to a proportion! 
lowering of the flood-level, the full effect of that lowering v 
be experienced permanently by the removal of that consta 
cause of increased elevation — Delta extension. Now the ii£ 
creased momentum resulting from concentrated flow, in < 
placing an increased amount of sea-water, operates necessarild 
farther out at sea ; and, in so operating, bears the material c 
river-flow more thoroughly within the distributing influence ofl 
the Ocean-currents. The Amazon with its single outlet rusbei 
into the sea with a momentum that forces its earth-laden wateq 
out into the Atlautic Ocean for 300 miles. The sea left thus ti 
dispose of the material brought down by that great river, i 
Amazon has, as a consequence, no Delta. Concentration of iti 
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rs will acconipUah like results for the M-issiaaippi ; and in- 
the MissisBippi is mLuli more favorably ciruumstauced for 
iaccomplishmeiit of those results, io consideratiou of the 
ition and position of its outtiow in reference to that great 
mting agency — the Gull-stream. The availability of the 
-stream as a distributor for the Mississippi may be inferred 
the words of Sir Charles Lyell : " that drift timber from 
jBsiKsippi is carried to the shores of Iceland and Europe, 
tb;it the fine sediment at the velocity of the Gulf-stream 
mil] reach the point of Florida before sinking, and what was 
not deposited there would even be carried much farther on." 
Concentration of the water then will not only improve naviga- 
tion by removing the bar ; but, by increasing the momentum, 
will, in tlie resulting increase of outflow, lower the water-line : 
-Mid, in the resulting hmitation of the Delta-growth, will also 
remove the resulting constant tendency to the elevation of 
that water- line, 

Having glanced at the special question of the dredging of 
tlie Mississippi bar, it may be excusable for glancing now at 
Another question of the same class — Cut-offs. The Levee being 
the special object of our consideration here, no other deviation 
from it shall be made than that which it is now purposed to 
enter ou. 

The circuitous character of the Mississippi and its tributa- 
rwaia somfjtimes attempted to be remedied for the purposes 
of drwinage, by opening across the narrow part of a bend- 
pBniuBula a direct channel. This direct channel is known, 
locally, as a " Cut-oil'." Now, the current being regulated by 
the rate of fall, and the rate of fall between any two points 
bfling regulated by the distance between those points, the 
sliorter that distance the higher will be the rate of fall, and the 
more rapid will be the current. If the fall be four feet from 
the beginning to the end of a ttcdve-mile-bend, then is the rate 
fall in that bend four inches in the mile ; but, if that begin 
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niiig and that end be connected by h direct channel of /tHj 
milea across the bend, then is the rate of fall iDCreaeed to [ 
inches per mile. The velocity, all things else being ( 
increases directly as the fall ; and hence does this increase ( 
the rate of fall from 4 to 12 inches increase the velocity, aU 
things else being equal, three-fold. But the momentum of the 
stream, all things else being equal, increases as the square of 
the velocity ; and consequently, when the fall and velocity are 
increased IJ times, the momentum is increased 2J times ; when 
it ia increased two-fold, the momentum is increased four-fold ; 
and when, as in the case of the Cut-oCf supposed above, the 
fall and velocity are increased three-fold, the momentum i& 
increased nine-fold. Imnjeiise accessiona of mechanical effect 
are thus seen to be evolved by Cut-offa. Now, in ascending 
the Mississippi, a steamboat encountering a current of five 
miles an hour, expends in the encounter a mechanical effect of 
suppose 25 ; then will that same steamboat, in encountering a 
current of six miles, expend a mechanical effect of 36 ; in 
encountering a current of seven miles, expend a mechanical 
effect of 49 ; in encountering a current of eight miles, a 
mechanical effect of 64. Navigation-resistances running up 
thus rapidly for every increase of current — or shortening of 
channel — the point is soon reached by such shortening, where 
steam-power becomes totally absorbed. Thus then, do Cut-offa 
endanger the continuance of navigation. This abstract reason- 
ing, very true, ia disturbed by the practical f:icta. If the soil 
cut through were indeed strong enough to withstand the accel- 
erated current, that accelerntion would continue to act through 
a proportionally contracted cut; but after a while, the effect 
of this acceleration, in the constant tendency of the flow to 
adapt itself to the material of the banks, tells in the gradual 
widening of the new channel to something like the general section 
of the river. With ordinary sections thus obtained for itseli^ 
the full effect of ahorteninga on the increased rate of flow, con- 
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^Bbquent oD increased rate of fall, cau apply under, only the 

^BappoBitiou of free-outflow at the lower end of the Cut-oS*, and 

^Kcelerated Bupply at the upper eud. The engorgement of 

^Hto chaiinel below and iht exnauatJon of the channel above, 

^^Bd, it IB true, to divide the effect of the Cut-off between aa 

^Hu-ease in the velocity within it, and a lowering of the water- 

^^Ke from its lower end to a point considerably up-stream. 

^^Bis modification of the fact of increased velocity, however, 

^^Ktet not be held to obviate it altogether. Cut-offs, notwith- 

^^puding the corrective influence of channel widening, of 

^^■gorgement below and of exhaustion above, tend by their 

^^feid rate of acceleration in river-resistances to embarras, 

^^Kd under circumstances perfectly supposable, even to exclude 

^^■vigatioD. Every impediment to navigation involves an addi- 

^^Bd to the cost of Bfaipment ; and hence do the planters who 

^^bI relief from a Gut-ofT, entail (until at least the river shall 

^Hre restored its disturbed bank-current equilibrium) on all 

^^Kppers ap-8tream a greater or a less increase of shipment-tax 

^H their up-stream freights. A Gut-off,- then, may thus not 

^^Bly put a whole country under contribution, but may actually 

^^K>rive it altogether of the benefi.tB of water-carriage. 

^^KBut navigation is not, the only interest involved in protesting 

^^■Binst Cut-offs. Increased velocity introduced at any part of 

^Hb river-channel, while the velocity below that part remains 

^^■disturbed p^r se, the result will be that the waters, deposited 

^Vthe termination of the increased velocity more rapidly than 

k they can be passed off by the receiving velocity, will, (M cotn- 

P^ired with their reduced levd within the Ciit-off, be "ponded" up. 

'^*'Ue, the additional momentum received by the volume of less 

volocity, will increase that velocity until at some distance down 

■tream the effect of that additional momentum shall have been 

exhatiated. This fact does not destroy the fact of " ponding" 

"^Pi but by reducing the " ponding" at the point of termination 

of the specially accelerated velocity pushes farther down streai 
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— to the point of oxhaustion of the additiontJ momeiituta uf tt] 

special acceleration — tbe point of greatest" ponding." Then 
stream result may now be glanced at. Passing off the water a 
velocity more rapid than that at which it is received, the CvA 
off after awhile reduces the level of the water in the old-chan-1 
nel ; and this reduction of level, accompanied under the " 
tion" of the Cut-off with an accelerated velocity, extends b 
stream to a point at which the Cut-off " suction" cease 
The Cat-off then alters the water-level to a bort of coiicai| 
Curve, beginning up-stream and ending down-stream, the deoj 
est depression being within the Cut-off itself. This cur^ 
extends along the whole length of increased velocity of t}^ 
flow — that increase ending "up-etream at the point where t 
"suction" of the depressed-level of tbe Cut-off ceaaea, 
ending down-stream at the point where the accelerated mon 
turn of the increased fail or velocity terminates. The Cut-t 
theiij is undoubtedly servicable in lowering the water-Iinj 
between those extreme points, the lowering in the Cut-off i1 
being greatest ; nor is it open to the drawback charged upi 
it popularly of overflowing the countrj- down-stream, Thl 
increased velocity of the Cut-off, being accompanied with a ru 
duetion of level, discharges no greater quantity of water L 
the same space of time than that discharged by the original 
velocity, and original volume. How, indeed, can the Cut-off b j 
supposed to discharge more water than it receives, or 1 
discharge water more rapidly than that water is received ? 
discharges only the quantity it receives ; and receives only tba 
quantity that time for time had been received and diachargoi 
by the originnl volume. The popular objection to an i 
sional Cut-off of flooding down-stream ia seen thus to bfl 
unfounded. And here it may be observed that in considerii^ 
the effects of Cut-offa on navigation as well as on discharge, thq 
remarks made in each case have been confined to occasiaai 
Cut-offs. A system of Cut-offs carried up-stream to the supplfl 
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^Boiota of the rain-basin would, however, — uiUil the river 
^tkoudd have r&^taHiHhed ita original regime, or until the 
^Purchargud chaiiDel stiuuld have worked uut tiiu40 mudifica- 
tionB of depth, by which rivera usually dispose ol' aecumulated 
■waters — present the question of discharge in another light ; 
for the Bhorteuings of 150 milea in the lower reaches of Red 
fiiver point to a continuaDce of those shortenings to an extent 
that will cause the delivery of the Bood-waters of that River in 
three or four-fold volume ioto the Slissidsippi, This occurring 
at pei-iods of like delivery in the other tributaries of the 
Fatlier of Waters — all diachargiug under the acceleration of 
Cut-offa — ^the result would, until at least the river should have 
adjusted its depth to- its accumulated floods, threaten along the 
whole Delta of the Mississippi torrihlo iuuudatious. 

Grave objection rests also against Cut-offs iu the extent and 
degree of their increase in the velocity of river-flow. There 
ia as suggested already a sort of balance between the cohesive 
strength of a river bank and the abrasive energy of a river- 
curreut. When the currunt exerts on the bank an energy 
greater than the cohesive resistance of the bank, the result ia 
esLpressed in caving, shoals, bars, and alterations of channel. 
The tendency of a river is to go on making changes in its 
course until the equilibrium between the strength of the bank 
and of the current are fixed ; and this equilibrium is one of 
the prime objects of the river in endeavoring to establish its 
regiifte. In rocky channels, streams dash over cataracts ; in 
beds of boulders and compact gravel they rush along in almost 
foaming rapids ; whereas within alluvial banks they invariably 
sink down into a gliding flow. In the latter case the total fall 
may show a high rate of descent ; but the result of dispropor- 
tionate velocity over the soft soil has settled down, after run- 
I ning through since the dawn of creation the programme of 
I'baiV, aud shoaH, and caves, and lakes, and new channels, and 
F old channels, into the sinuosities of to-day. Kature in all this 
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it) working by rule — a rule tbat, however it may be mod'iGed, 
can in do case be safely broken. The Cut-off then is a direct 
interference with the constantly operating law that rivers ar& 
in eternal progress towards their regime. By disturbing the 
balance of flow-strength and bank-strength, as struggled to by 
eenturies of natural operation, the Cut-off simply succeeds in 
throwing back the progress of final result on the part of the 
river into the early stages of the world. Nature at once seta 
.ibont defining its laws in such cases ; and hence do Cut-offs, 
in accelerating the energy of river-forces, endanger from end 
to end of their resulting increase of velocity, violent changes 
of bank and bed. No Cut-off then can for any time continns 
to be the bed of the Mississippi River while the soil of 
the Cut-off is mere soft alluvium. Cavings of the most 
formidable character must be the consequence ; and extending 
from end to end of the increased velocity consequent on the 
Cut-off — receiving, however, their greatest development in 
the Cut-off itself— it is quite impossible to tell where they 
may begin or in what form of evil they may terminate. — 
On Red River they may result in the restoration of ita 
ancient outlet to the Gulf; and thus flooding the whole of 
Western Louisiana, turn with the characteristic suddenness of 
a torrent into the Atchafalya. On the Lower Mississippi the 
Cutoff may reduce to a permanent swamp, either the valley of 
the Yazoo, of the Lower White River, of the Lower Arkansas, 
of the Lower Red, or by causing the diversion of the 
Channel into Manchac, may, in twenty-four hours of its 
flood-season, reduce the whole of Eastern Louisiana from 
a teeming plantation to a miserable Lagoon. The Cut- 
off then, while undoubtedly calculated to lower the adjoin- 
ing flood-level for the moment, is highly dangerous to 
navigation, and still more highly dangerous, whether as an 
agent of accelerated aggregation of water, or of accelerated 
velocity of flow — to all the great interests of life and property 
on the rich alluviam of the Mississippi Delta. 
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CHAPTER III 



THE LEVEE. 

Water standing in a vessel or enclosure of any kind, presses 
with equal force on the bottom and the sides. At ter reet 
deep the pressure of a column of water of a foot square is the 
weight of that column — 10 cubic feet at 62J lbs. per cubic 
foot — 625 lbs. The bottom of the vessel containing this water 
of ten feet deep, bears a load, therefore, of 625 lbs. to the 
square foot ; and the sides of the vessel at the junction with 
the bottom, bear the same strain. The pressure of standing 
water, it will be seen from this explanation, increases as its 
depth ; being for 20 feet deep, 1250 lbs. to the square foot ; 
for 40 feet deep, 2500 lbs. to the square foot ; and this press- 
ure is for the same depth, precisely the same, square foot for 
square foot, at the sides as at the bottom. The vndth of water 
it will be seen from this proposition has no influence whatever 
on its side-pressure ; the width of the Atlantic Ocean, exerting 
only the same hydrostatic pressure on the shores as a mere 
thread or film of water of the same depth. The popular opin- 
ion that the width of the Mississippi affects a proportional 
pressure on the Levee, it may be remarked here is an error. 
The side pressure, or in other words, the weight of the water- 
column at the several points of its depth, goes on increasing 
from the surface, where it is nothing, to the end of the first 
foot of depth, where it is 62| lbs. to the square foot of side ; 
to the end of the second foot, where it is 125 lbs. to the square 
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foot of side ; and bo on, tlie nide preseiire at any depth being' 
for every square foot of side, the product of 62^ Iba. multiplied' 
by the number of feet in depth of the point at which it is requir- 
ed to find that side-presBnre. Supposing them to be exempt 
from the blows of waves, and of currents, the pressure exerted* 
on Levees would then be in the proportion, at every foot fronL 
ite top, of 1, 2, 3, 4, 6 — a regular arithmetic progression from 0* 
at the top, to the base — the section representing preasure- 
being thus at the base, the same number of feet in width as the- 
water is in depth. This gradation of pressure in standing 
water at its several depths, presents the Ibllowing geometri- 
cal form: 




The preesure of the Miseiasippi then, on its banks — rejecting^ 
that from the blows of waves, or of currents — varies at th* 
several depths as the widths vary in the above figure ; and 
hence will that pressure be resisted effectively by any earthy 
matter, impervious to water, embanked in the above form. — 
Any earthy matter, provided it be impervious to water, piled 
np in the abov» iorm, will diacliarge the quiescent pressure of 
the water, because all earthy matter is heavier than water ; 
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and consequently the above section if made of toater, will notj 
exert a pressure able to overcome the dead weight of thq 
above section, if made of earth or other material heavier thai), 
water. But this reasoning rejects all other pressures of thai 
river than its pressure as standing water. Great forces, howi 
ever, at, eepecially, the first few feet in depth are exerted oo' 
Levees, over and above the standing pressure, by the incidenta. 
of waves and currents. A direct cross-wind, in a reach of a 
mile wide, discharges the dead-weight of the water upon 
the bank with the velocity of a wave ; and, therefore, occasions 
a great accession to the standing pressure of the water for the 
depth of that wave. The steamboat of the Mississippi, as 
another producer of wave-motion, is also an agent converting 
the Btanding pressure into a multiple of that pressure by veloo- 
ity ; but the steamboat-wave, acting on the Levee obliquely, 
produces an increase of pressure proportionately less than that 
produced by the wave striking it under the impulsion of a 
wind blowing against the Levee directly. No practical mea- 
Bure of this particular cause of increased pressure on Levees 
IB obtainable ; and, therefore, is this cause disposed of here 
without any attempt to estimate its measure, in the form of a 
specific quantity. The wave-blow, whether resulting from 
wind or boat, is a contingency of Leveeing that must be met, 
as involving im unavoidable necessity of increase on the size of 
Levees, over and above that necessary to balance the pressure 
of standing water. The other head of increased pressure, over 
and above the standing pressure on Levees, is that of current- 
blows. Previously to this the force of current-s has been 
referred to in general terms ; but in order to express the 
importance of that force in the present case more fully, it may 
be well to present it here, in the form of a specific quantity. 
Mechanical eSect is measured in the compound quantity of the 
weight moved, and the distance through which it is moved. 
"Feet-pounds" is the denominational term employed to ex- 
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press tbU effect. 100 Feet-ponnda represoDts the raechani* 
cal effect expended in removing 100 lbs. one foot, or 10 lbs. 
ten feet, or 1 pound, one hundred feet — the mechanical effect 
expended being in each of these cases, the same in quantity, 
A. current striking directly at, say 6 miles an hour, strikes with 
a velocity of 8i feet a second. This 8^ feet multiplied by 
itself, (or squared) gives a product of 72i, and this 72j divided 
by the coiistant qnautity 64*4, shows a quotient of Ig. The 
quotient so obtained is an abstract quantity, representing the 
multiple necessary to apply to the dead weight of the striking 
body in lbs., in order to bring it for a velocity of six miles an 
hour, to its mechanical equivalent in feet lbs. Suppose, now, 
that a current acta at a velocity of 6 miles an hour for a section 
of 20 feet deep, then the gross average pressure of this section 
on the bank, as for standing water, being 625 lbs, per foot, in 
length, the mechanical effect expended against the Levee will 
be, for every foot in length, 625 multiplied by 1^, or 700 feet 
lbs. The mechanical effect that will move 700 lbs. one foot, 
will move 8,400 lbs. one inch ; and there being httle or no 
elasticity in a solid bank of earth, the current-blow that forces 
it ha.ck 3, couple of iitches — repeated as that current-blow must 
be assumed to be — may be held sufficient to force it bach 
tMogdher ; and therefore, finally, to sweep it away. Such then 
is the practical value in Leveeing of the force of currents. 
The wave-blow, as has been remarked, is an unavoidable con- 
tingency of Leveeing, but then it must be recollected that 
while some observers go to the extent of alleging that waves 
do not involve any increase whatever of pressure latterly, be 
that pressure what it may, it is at all events confined to the 
height of the wave — a height that in the extreme case on the 
Mississippi does probably not €xceed 18 inches. The wave-blow, 
then, involves no very formidable accession to the strength 
of the Levees. Currentrshocks, however, are of a very different 
character : but on the other hand, unlike the wave-blow, are 
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altogether, or to & great extent, avoidable. The force of a 
wave and the shock of a current represent the aggregate 
pressure that may be brought to bear ander the moat unfavor- 
able circuinatancoB, in swelling the dimeDsions of the Levee 
beyond the form required under the above reasoning, for the, 
presBuro of qmescerd water. 

The time will come when flood-watera will be excluded from 
the magnilicent low-lands of the Mississippi, at the cost of haul- 
ing, from wherever it can be obtained most conveniently, the 
best material for embankments. The material at hand will 
continue to be used for some time ; and therefore does it 
become a matter of necessity to use it with a knowledge of its 
advantages and its disadvantages. Sand, loam, and clay are the 
materials at present employed for the constrnution of Leveea, 
the loam and clay, unfortunately, in small quantities. The 
weight of water, it will be recollected, is 62^ lbs. to the cubic 
foot ; whereas that of light sand ia 95 lbs. to the cubic foot ; 
of loam 124 lbs. to the cubic foot ; and of stiff clay 135 lbs. 
With such a difference as that between 95 and 135 in the mate- 
rials found at different points, it becomes a matter of importance 
in designing the cross-section of large Levees, to consider the 
specific gravity of the material to be used, A varying cross- 
section of Levee is consequently a necessity of a varying soil. 
The Commissioner, it may be observed here, was censured at 
the time by some parties for having given the Levee across the 
Yazoo Pass and Levees of that locality, a larger cross-section 
than that previously adopted as a rule of general application ; 
but that gentleman would have made a grave mistake, for which 
bis own judgment and perhaps the popular judgment would 
bave censured him to-day, if in detormioing the dimensions of 
•those Levees, he had not gone to the full extent demanded by 
afety on the score of weight, in exceeding a standard that, if 
1 adapted to the average material of Levees, was certainly 
•d to tJieonly material obtainable in the cases in quea- i 
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tioD — principally light eand. But besides objections based 
on the gravity of the materials, others also apply, classifying 
them into different degrees of adaptation for Levees. Wash and 
percolation are two most powerfnl agents of destruction in the 
case of riverembankments ; and hence, does it become of the 
gravest importance, where the choice can be made, to select 
such materials as are most cohesive and impervious. The light- 
ness of a sand bank is but a small disqualification for Leveeing 
compared with its liability to wash and leak. Its " wash" i» 
not even confined to wave, current and rain ; but is carried on 
actively also by the wind. Sand is liable not only to run and 
blow away in a dry stat-e ; bat in also a wet state is liable to 
run, or " melt" like so much sugar. But while its lightnesa 
lays it open as a material tor Levees to great objection on the 
ground of duration, the worst of its properties in such works 
ie its liability to percolation. A bank of ample section to 
resist the total pressure brought to bear on it, when that press- 
ure acts from the outside slope against the whole weight of 
the bank, will yield when that pressure becomes transferred 
from the outside of the bank to some point or plane within it. 
In the latter case a portion only of the whole mass is engaged 
in the resistance of the whole pressure. Now percolation of 
the water into the body of the work, places the Levee under 
these very circumstances. A thread or plane of water, finding 
its way into the interior of an embankment, exerts just as- 
much pressure against the earth on each side of it as if that 
thread or plane were an ocean of the same depth as that thread 
or plane. As this thread separates the parts of the Levee, 
the outside water fills up the split or open ; and thus preserv- 
ing the sand height of water within the spht, as at the begin- 
ning of rupture, the Levee bticomes completely rent asunder ; 
and thus reduced in its aggregate power of resistance, is finally 
swept away. Porous materials then in wator-banks, no matter 
what be their weight in the banks, tend by the insinuation oi 
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water threads between their parts, tu dodtruijiiyii of those 
banks — this leDdency, however, being greatest ut the time of 
tbe construction of the works, and least at the time when their 
adhestou shall have been perfected by the coating by deposit 
over their external faces, and the insinuation by filtration in 
their internal pores, of earthy matter. Loam is much better 
for water banks than eand. Thirty per cent, heavier, it meets 
nil the conditions involved in Leveeing on the ground of 
weight so much better than sand. Much atauncher in ita 
parts, it is superior to sand in all those serious objections 
applying to aand for the purposes of waier-tigld embankments. 
The very best of those soils obtainable under the present prac- 
tice on the Mississippi for the purpose of river-banks, is blue 
clay. Several kinds of this clay are found on the lines of the 
Levee-works ; but they are all subject to the disadvantage ol 
a greater or a less admixture of fine sand. Perfectly imper- 
▼ions to water as they all are, the presence of sand lowers their 
oBcfulness partly by involving a lighter weight, but mainly, 
and sometimes even to a very serious extent, by giving them a 
tendency, especially after frosts, to melt or run like marl in 
watei . But notwithstanding theae draw backs, ihe days of the 
Mississippi bottom furnish its very best material for Leveeing. 
The different bulks necessary with different soils for the 
eame Levee, has already been pointed out as an item of consid- 
eration in the use of the materials entering at present into Mis- 
siesippi embankments. The remarks under this head were, 
however, confined to the influence on the subject of the different 
specific gravity of those materials. Another consideration in the 
premises rests on the fact of differences between their " angles 
of friction," or in the differences between their natural standing 
angles or slopes. Experiments recorded in Engineering 
anthors of high personal and professional standing, set the 
angle of repose, or standing angle, of sand at an angle of 30 
degrees with the horizon ; of firna loam of from 36 to 45 degrees 
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with the horizon ; of clays at 55 degrees with the horizon 
Using a, form more acceptable to the popular undaratandiiig, it 
may be explained that those experiments show the standing 
slopes of those materials to be as follows : 

For Luam ..... l foot bigli Co from 1( to 1 baaa. 

For Sand ..... l Cooi lugh tn H foot basa, 

For Clay ...... 1 ft»t to | fool batw, ^^M 

Experiments of this sort cannot be disregarded ; and therefbrj^lH 
though these figures do seem to savor rather more of the closet 
than of the field in the rapidity of those angles of repose, they 
are not to be discarded in any reasonings to the practical exe- 
cution of earthworks. Coupling then the different speoinfl 
gravities of sand, loam, and clay, with their different angletH^IB 
repose, an assimilation of the merits of the three — waving the 
question of wash and percolation — may be made in terms of 
the limits of haul, at which it ceases to be economic to rejeot 
Band on the spot for loam and clay in the distance. In or^Hjl 
to reduce the loosening and lifting of the earths to a comnspH 
standard, let it be assumed that what might be saved under that 
head in sand as compared with the other two, and with loam as 
compared with clay, are balanced by the superiority of clay 
over both the others, and of loam over sand, in weight, strength, 
and imperviousness. In consideration of the vegetable matter 
permeating loam, the porosity permeating sand, and the lig^< 
nesa and friableness of both, the advantage possessed i 
respects by clay are hardly overstrained by being set down fi» 
thepresentpurpose, as fully equal to the advantagespoasessed by 
Band and loam over clay, as a material for " borrowing-pits," The 
retentive properties of clay, and in a less degree of loam, may 
be said to increase the difficulty of excavations in that material 
in a flat country ; but the clay of the Mississippi flats, resting 
invariably in thin layers on, sand, the shaUow and wide-cats 
necessary therefore, for clay-pits, may be made perfectly dry 
by running up through them at starting, a narrow tap-drain to 
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ihe depth of the aand. ABBuming then the three materials 
eqoaUy costly for looseniDg and lifting, this equation of thei. 
merits may be examined as a qnestioQ of haul. The following 
figure ehowfl ip the broken line, a crosB-section of Levee having a 
crown of S feet wide and a base of 21 feet — the aide-elopea cor- 
Ktpoading to the angle of repose for sand, that is to say, cor- 
responding to the least angle at 
■which sand will stand. The white 
line in the figure shows a Levee of 
clay, the crown being 2 feet and 
the baae 15 feet — every part of this 
latter being deduced from the form- 
er in proportion of the weight of 
sand to that of clay — 95 to 135 — and 
therefore presenting, at all points, 
a reulstance to the horizontal thrust 
of the water equal to that presen- 
ted at corresponding points in the 
larger section (the broken line) of 
the Levee of sand. Two feet wide 
at crown, for example, presents as 
great a resistance in the case of 
clay, as 3 feet wide does in the case 
of sand ; 15 feet wide at base pre- 
senting as great a resistance with 
the use of clay, as 21 feet wide at 
base does with the use of sand. 
This figure, then, iUnstratea the 
effect of difference in the weight . 
of the two materials in regulating 
the size of Levees. But this differ- 
ence is still farther increased an- 
der considerations arising out of 
r varying angles of repose, — The increase of pressure has 
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been already abowo to go on from the top, ODder extreme con- 
ditioQB at an sritlunetical progression ; and this anthmeticul 
progression of Levee-presanres or strengths has also been shown 
to express it^lf practically in an aggregate side^lope of 45 
degrees — a total slope of one foot base for each foot in height. 
The preservation of equal strength iU all parta of the Levee doea 
not require, therefore, a greater width ander even the moat 
onfavorable circumstances than (whatever may be the pro- 
per width of crown,) side slopes from each side of crown 
at a rate of one-half foot horizontal to one foot vertical. 
Such a section may be said to he, in general, the section of 
nniform strength. The strength of any thing being, according 
to the mechanical axiom, the strength of its weakest part, an 
excess of strength at any one part is, it is almost needless to 
observe, a waste of material in Leveeing, and consequently a 
waste of money. In practice, however, it is impossible to con- 
form to the section of nniform strength in Levees ; seeing that the 
vmtrdling consideration rests in the standing angle of material. 
The standing angle of clay has been set down at eight inches 
base, to one foot in height ; and, therefore, may be held to 
conform closely to the section of perfect economy of material — 
the section of uniform strength. 21 inches of base for every 12 
inches of height, being the standing slope of sand, that material 
is seen in the excess of its natural section over the section oi 
equality of strength, to involve in Leveeing a very large waste 
of material ; and, therefore, of money. In a Levee having a 
8 feet crown, a 21 feet base, and a height of 5.20, as shown by 
the broken line in fij^ure 2, the area of cross-section is 62.40 
square feet. This Levee, it must be recollected, is one of 
nnequal strength ; and, therefore, measuring its effective 
strength by its weakest part — ^its 3 feet crown — we find the limit 
of its actual resistance to be, when made of sand, as (3 feet x 
95 lbs.) 285. A clay Levee of 2.11 feet crown sloped down, 
at the standing angle of clay, to a base of feet for 5.20 feet 
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teh cODtains within it the slope of uniform strength ; and 
pseqnentlj, its crown Leing its weakest part, the limit of ita 

jctive reaistanoe ia as (2.11 X 135) 284,9. This clay Levee 
1 2 feet crown, and 9 feet base presents, then, precisely the 

Idb resistance to water-pressure as does the same Levee ot 

i aame height, having a crown of 3 feet, and a base of 21 

The cross-section of the clay-banfc in this case, is 29 

bare feet ; while, aa has been said above, that of the sand is 

Isquare feet. But practice goes still further in increasing 

is disproportion between the difl'ereut quantities necessary 

■ Levees of saud, and in corresponding Levees of clay. The 
anding angle as presented in theory, must be deviated from 

■ both sand and clay to meet, in practice, the contingencies 
I floods and rains. Lighter, looser, and less adhesive than 
py, the flattening of slopes in sand below that of the angle, 
f abpe of repofie, must be much more considerable in practice 
tan that in the heavy concreted and adhesive bank of clay, to 
HJBt, without endangering the eflfective strength or stability 
ptlie bank, the active washes of rains and waves. The prac- 

B, however, in these cases is so loose and various, that it 
expressed safely by a rule. Disregarding it 
^ther, however, and confining the equation of the two 
bterials to the simple fact of the difference between their 
Kiot standing angles, 26 yards of clay are seen to be equal in 
e of 5 feet high, to 58 yards of sand in accomplishing 
Ib object of all Levees — eflective resistance to floods. In a 
ivee of 10 feet high, 43 yards of clay are as effective as 102 
pde of sand ; and in a Levee of 1 5 feet high, 60 yards of clay 
^mplish all the purposes of 146 yards of sand. At 15 cents 
r cubic yard, the difference in money between the employ- 
bt in a 10 feet Levee of 43 yards of clay, aud the correa- 
hding quantity of sand, is $8.85 in favor of the employment 
day. Supposing, under this view of the case, the sand to 
tfoiiDd on the site of the Levee, while the clay cannot ba_ 



tiM to dbe eapbraeBt of awd lor tUs pnpMe, ■ 
m^rj: towfaatdif&neearetkipvtiniBtetntedb 
the forcgoiac eanndetstiaBa to had dij to their ] 
9SM we mrnlaUe, it baM been ibown aadn- the I 
eonfMrum, for expenditBFe in obtaining the dMj m o 
witfa the coat of the nad on tbe epot ; and tfaia $9M d 
led over 43 ^arda of clay, ahowa as anilable unomit for \ 
bndage of dsjr of 30 ceoU per cubic Tard of day. In i 
OM Jostaaceit tfaia rate per yard will cover all tbe iiicoiiv«nJ 
t«t of haolage to tbe Levees, for a distance of half a mile. 
mm op these remarks : it may be coacloded that, snpp* 
MUid to be, nnder any oeceseity whatever, fit material for i 
cooitmctioD of river embatikmeDta, taking the cross-sectioi 
eqaally strong Leveee of the two materials, comparing 1 
crOM-tections according to the data famished in the etandil 
uiglea of tbe materials, and setting down for the moment, i 
lightness and porosity of sand, as compared n-itb the heavin 
and impervioasnesB of clay as material for water-banks, at t 
mere dificreoce in cost of excavating the two, all the immeni 
advantuges of clay over sand, not covered by the asenmptia 
made liere in tbe case, may be secured at tbe same cost ( 
sand, by hauling clay to tbe site of a Levee from a distance -| 
half a mile. In pructice, thie undoubted fact and the impel 
tivo duty that it points to, may be found one of very frequM 
and proiituble application ; for, in several cases, clay can I 
foand in abundance in the Yazoo Valley, within half a mile m 
existing Lovoea of almost unmixed sand. In the bottoms t 
banks of the creeks of tbe out-fall behind the Levees, in 1 
buds of the old and dry lakes, eo common behind those Levi 
in the liundrodB of cypress-swamps in the neighborhood of tl 
works, and on the surface of the higher lands, the contract^ 
will find largo quantities of strong, pure clay. The make-sbj 
river-embankmoiitH of the State of MisBieaippi, before thosi 



works took the slmpe of a system, under the strong and able 
aiud of Col. Alcorn, have already advanced to Boiuething like 
ecientific conditioDs iu plan and section ; but must make atill 
farther progress in order to fulfill all the conditions of cheap- 
cess and effi.nency. Progress ia those works points to a 
discrimination in the use of the materials j and, therefore, to 
conaide radons beyond those of the mere accident of the soil 
on which they are to be built. Sand is, in fact, utterly unsafe 
ia a water-bank, and, therefore,- unfit for any works designed 
for the protection of property from overflow. Break after 
break, iu such Levees, is going on with its lesson of instruction 
to tiie necessity that first felt obliged to employ sand ; and as 
the property suffering from such breaks, becomes more and 
e valuable, the time is approaclmig when the question of 
Bfial iu the Mississippi Levees will be considered by the 
raers of property behind them, as a question of insurance. 
d will, by and bye, be either altogether rejected in Levee 
king, or used only in positions where its properties can be 
rued to usefulness ;* and in order to open the way for this 
rpoae in the right direction, the general question of its 
irits as compared with clay is here considered for the infor- 
ifttioQ of the planter. The unthinking will, probably, under- 
tdne the reasonings employed in the case, as what a certain 
tatleman in Mississippi would call " College" nonsense ; but 
n of reflection will recollect that progress knows no road 
It that pointed out by observation, reflection, and calculation. 
iBcrimination between the materials at hand is the first object 
Bed at in the foregoing' remarks on those materials ; the 
Blftge of thebest mate rial for a short distance is the next object: 
3, following that, the haulage of the material to the full extent 
s between sand and clay— of half a mile ; the next step in 
e being one that is also yet to come — the total rejection of 
[, ae a building materia, from the Levees of the Mississippi. 
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The matemls at hand will, however, coiitinue to be used £^| 
Bome time in the Mississippi embankments. It becomes, th4^H 
fore, important to coQaider the best means for reducing ^^M 
disadvantages of their use to the smallest possible amou^H 
The leaky property of sand is its greatest objection ; but t^^| 
may be overcome to a larga extent by constructing withiu fl^H 
bank a vertical wall from crown to base, of clay, thoroug^^f 
tramped and puddled. This "paddle wall" ought to contl^H 
no vegetable matter, such as grass or roots of any kind ; andi 
when wet to a proper consistency ought to be shoveled into 
the place left for it in the sand-bank aa the bank goes up, 
layer after layer. When the puddle is in its place it ought to 
be tramped down well; it is indeed beaten down in water- 
banks in England and Ireland with a heavy maul or rammer. 

The practice of cutting out a trench for the puddle, or 
"muck ditch" as it is called on the Mississippi, in the natural 
Bnrface of the ground, is generally ueeless, andsometimea posi- 
tively mischievous. Where retentive subaoile exist under tha 
base of the proposed bank, then it is certainly a clear gain in 
staunchneaa to run down the puddle-wall of the Levee to a 
bond with the underlying impervious earth. But the experi- 
ence along the shores of the Mississippi leads to the presump- 
tion that, in those cases where the sand does not commence on 
the surface, a ditch of three feet deep is more likely to present 
a bottom of sand than of loam, or clay. Tlie rationale of those 
" muck ditches," as they are called locally, rests on their use- 
fulness in preventing leakage ; and, therefore, supposing the 
ditch and wall carried up regularly with a puddle, those 
ditches in a great majority of cases failing to reach a more re- 
tentive soil than that at the surface of the ground, involve in 
all those cases an utterly reaultless wa^te of money. Besides, 
to undertake to prevent leakage through the porous earths of 
the natural shores of the river, is a hopeleaa labor ; and so 
fax as the strength and durability of the Levees are concerned 
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liibor, also, perfectly uselesa. It accomplisheB nothing 
^tever, for the artificiul embankment. But in some cases 
" muck ditches" are, as already stated, mischievous. 
)S8 those lagoons or creeks which are dry during periodaof 
tow-water, the foundation for banks consists generally of a hard 
cmst of clay for a few feet thick, overlying quicksands or thin 
puddles. These crusts, like the grillage of timbers used for 
the foundations of some Engineering works, are highly valuable 
in those aitnations, by diffusing the weight of the superincum 
bent Levee over a wide bearing ; and thus, though unequally 
loaded by the necessary cross-section of the Lovee, assist, in 
proportion to their strength, to distribute that bearing equally. 
This, where not sufficient to obviate the sinkage altogether, 
reduces it considerably ; and in bringing a large area to act in 
the resistance, assists to guarantee with the least possible 
"ank^e," and, therefore, least possible loss of work — of money 
—ft finally well-sustained foundation. The "muck ditch," how- 
ever, cuts this natural platform for the Levee in two parts ; 
and over this cut, the greatest weight — that at the crown — • 
pressing vertically, acts as with a leverage in bending down, 
and finally breakiug off the natural crust of the surface. The 
neeeasity therefore follows, under those circumstances, of em- 
ploying an excess of earth in forcing out laterally, and forcing 
down vertically, the running sand or softpuddle of the underly- 
ing foundation in order to compress those soft materials into a 
compactness sufficient to present an effective resistance to the 
weight of the superincumbent embankment. 

Kejecting then the practice of cutting a muck ditch along the 
hiiae of the Levee, it is recommended here that the earth of 
the base be loosened for six or twelve inches iu order to secure, 
between the artificial and the natural bank, a proper bond. 
Indeed where the natural surface is loam or clay for any con- 
liderable depth, it would be highly judicious in order to prevent 
grasses or other vegetable matter of retarding the bond between 
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tlio Levee and the grouod, to Bkim the surface ; and o 
purpose thns served, the eod so skimmed off the base mayj 
the completion of the Levee, realize the further good purpi 
of staunching it by layiiig them in a close coating on its wad 
slope. Be the substitute, however, for the muck ditch wbai 
may, the present practice in the case, if even not usele 
unsafe, is certainly absurd when it is recollected that it ii 
fact a " muck ditch " with the important exception of the" mud 
The lightness of sand is a great objection against the use 
that material in water-embankments. Sand ia constantly carrl 
awa^ in immense quantities by the current of the Misaissipfl 
and therefore, to invest money in banks of sand for the e 
sion of the MissiBsippi floods, does not seem to be a policy vJ 
remarkable for its astuteness. As its porosity presents i 
use of sand in Levees in the shape of a question of s; 
hghtneSB presents its employment in those works in the Bhid 
of a question of maintenance, Rains constantly washing i 
particles in its crown down to its sides ; and washing thosafl 
its sides oat upon its base, the weakest part of a Levee- 
crown — is undergoing constant reduction in its dimensioi 
and consequently in its strength. Current- washes and wan 
washes on the water-side co-operate in times of high-water v 
the rain-wash at other times, in reducing the strength of Level 
thrown up in sand. Maintenance becomes thus in the caseJ 
sand Levees, a serious outlay. To remedy this — and indeedJ 
the same time assist its want of imperviousness — the most c 
venient course ia, to cover the water-slope of such banki 
as thick a layer as may be obtained of clay, if obtainable, t 
not with as thick a layer as may be laid on according to the aboTl 
suggestion, from the quantity of earth obtainable by collecting 
the loam of the adjoining BUjface. In Ireland it ia very common 
to face water-slopes with grass-sods laid on their flat beds 
with regular headers and stretchers, as in Ashlar work, the 
whole being cut down to the plane of the slopes. Under 
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e direction of Mr. M. B. Hewsou, I have myscll conducted 

large quantities of this work for the Board of Public Works, 

mder the measures for the drainage tiud navigation of Irisb 

ifiivera. In the South " sods" are not generally obtainable ; 

it all the advantages resulting from their use in water-banks, 

e obtained there by sowing the seeds of some eoiithern 

a in a coat of loatn-dresaiug on the slopes of those banks. 

Efimada grass is well adapted for the preservation of artificial 

; but thongh often employed for that purpose on Rail- 

sin the Northern States, is excluded from use on banks in 

Ji-west by what would seem to be no better than a mere 

:e. The rapidity of its growth is nut the only recom- 

iwndatioB for the employment of Bermuda grass on Levees ; 

.esses the further recommendation of growing in both 

ide and sun. During high-water it will catch a great qnan- 

J of sediment ; and by the consequent annual coating ol 

Ipervioua earth, will add to the strength and durability of 

B Levee. The decay of the tops and blades of this grass will 

iBsist in covering the water-slope of the Levee with an 

J coating of impervious matter, and in the case of Leveet* 

t of sand, will thus tend greatly to the correction of their 

) great shortcomings — washing and leakage. A. hedge ot 

^e Orange, set closely along the inside slope, by excluding 

1 travelers and cattle, and a coat of Bermuda grass set on 

rth sides, by obviating wash whether of rain or current, will 

3 the parties interested in Levees, a large annual sum for 

Iteir maintenance. 

I In Europe, generally, it is usual to protect embankments by 
rowing on their top and sides thickly growing grasses. In 
s of Holland straw is used for the same purpose. Twisted 
ropes about 2 inches in diameter, it is laid on the face of 
a bank, and pinned down with hooked or forked sticks ; rope 
»r rope being added each in close contact to the previous 
s so laid down until, the whole slope is covered with a com- 
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(ileUs mat of iitritw. Vegctalion in coarse of time c 
iinijurnoath tli« mItiiw, tiiid blades of grass mating their way 
liulwcon the ropes, the whole becomes a compact sheeting. 
[■iMciiHtH, hiinlluH, aiKlbraab-wood, are sometimes employed for 
thn Miiijir pcirpoHe. Large stone elaba are often used by Kd- 
((ineem in itombuy for the protectioa of the elopes of beavy 
(itiibankments from the wealher. So important is it foasd ia 
ejiporionco all over the world, wh^n it is worth while to go to 
vspotiHO in the construction of embankments, to go to farther 
vipoHRo for tlieir efficiency and preservation. Any thing that 
JN worth hding dono in iwefcr-Kwis ia worth being done pro- 
jiorly and wril. 

Tlje itaiidiiig slopi-s that have been given above for sand 
IcjRRi and clay are the standing slopes of thotie materials wheu 
dry. The dry ulupo and the wet slope of all earths are, how- 
Dvor, more or less dillerent. The same earth that stands in 
prnotico at an angle of 2 to 1 in a dry position, will reqaire in 
a wot Kitiiation a slope of 3 to 1. Some earths have been 
found to ro(]iiir(i in a wot situation slopes so low as 4 to 1. A 
river (Embankment involves both the two distinct conditions of 
dry and wet slopes — the inside being necessarily regulated by 
the conditions of dry slopes, the outside being subject to tho 
testfi applicable to wrf slopes. Wetness and dryness, however, 
do not cover the whole dilTorence between the circumstances 
of tho dry and the wet slopes of the Levee ; for the outside 
xlopu, in addition to the disadvantage of wetness, is also sub- 
ject to the further disadvantage of waves and currents. The 
practical facta of the case establish, therefore, the general 
proposition that the external or wet slope of the Levee ought 
to be loss in rate than that on the inside, or dry slope. If the 
wot slope he sufficient for the necessities of its position ; then, 
to carry out the dry slope at the same rate is a simple waste 
of material, and consequently, a waste of money. In six cases 
of well known water-banks in England, the inside or dry slope* 
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according to the material, from an inctina of 1 to 1 to aa 
indineof 3 to 1, averaging an incliDe of Ij to 1, or about 30 
d^reeg with the horizon ; the outside or water-slopes, in those 
ix cases, varying from an incline of 2i to 1, to an incline of 5 
1 1— Ihe six showing for the water-slopes an average incline 
Tsbont 3i to 1, or about 16 degrees with the horizon. Natu- 
il water-elopes, formed nnJer water, such as those of bars in 
le Miseissippi, or other rivers, vary from an incline with the 
IwrizoQ of from 5 to 30 degrees — the average of these two 
BtremeB being 171 degrees, or nearly 3 feet of base for every 
botin height. 

The height of a Levee above high-water mark has been set 

Jown, by practice along the Missiasippi, at 2^ feet, and at 3 

feet. A Levee system, as has been shown in another chapter, 

^oea not occaeion an immediate elevation of the previously 

■wtablished flood-level. General considerations, then, have 

lothiDg to do with this head of the subject, seeing that it is a 

fcead proper to local specialities. The width of a river and 

Ibe force of the winds regulate the height of its wind-waves ; 

lihile the width and current of the river, coupled with the 

^peed, load-line, and midship section of its steamboats, regulate 

fte height of its steamboat-waves. Two feet would, probably, 

ivmh the highest wave resulting from the accidental combi- 

ttioDof the greatest wind-wave with the greatest steamboats 

ive rising on the Levees of the Mississippi. The looseness 

the observations made as to high-water in that river, coupled 

ith the further consideration that those observations may not 

I Bufficieutly far back, in time, to embrace that particular 

lation of circumstances which produce the highest pos- 

l>le flood, suggest the propriety of basing the height of the 

Bvees on a margin over and above the strict inch of the 

•wirded high-water mark. Allowing 24 inches for the height 

■ the maximum wave striking the Levee, 12 inches additional 

certainly not too large an allowance for the contingencies of 
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the case, In determining the height above high-water of the 
MissiHsippi Levees. Close eaough, already, no reason certaiDly 
appears to show why, the standard of an esceaa of 3 feet above 
the highest known flood shonld be lowered ; and it ia, there- 
fore, safer to conclude that experieuoe, as in the case of the 
State of MisBiBaippi, has settled the question between economy 
and safety in the matter, by fixing the height of Levees at 
three feet above the highest level of quiescent flood-water in 
the river. Pour feet of an excess would, of course, be atill 
safer. 

The crown-width of LcvceiS is a question less of rule than 
expediency. In England, water-banks have an average width 
at top of 3 feet. In Ireland, the top-widfchs of embankments 
for drainage, are about the same. In Holland, however, the 
Dikes, when employed for road-ways, are exceptionally wide 
across the crown. The Sea-banks of Holland are, in any event, 
no guide in fixing on the dimensions of river-embankments ; 
nor, indeed, are the size of water-banks in England, or Ireland, 
quite a safe guide for such banks when subject to the wash of 
the immensely heavier rain-fall of the Lower Mississippi, — 
Local experience, then, is the best, and indeed, the only guide 
in this matter. In Arkansas, it ia true the local experience 
has been had under circumstances which make it start from 
too high a point ; with the view of a necessity for adapting the 
section of the Levee to the "width of the river, some absurd 
and ignorant theory has led to the rule, that all Levees in that 
State be as many feet in width at crown as they are in height. 
These works, however, have been carried out, chiefly, without 
the guidance of professional skill. In the State of Mississippi, 
the practice has settled down into a width of 5 feet for the 
crown of Levees generally. My own practice and experience 
lead me, however, to the conclusion that 3 feet is sufficient to 
cover all the contingencies of rain-washings, cattle- tram ping, 
&c., during, and for a auflicient time subsequent to, the harden- 
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ing and cementing of the works. Economy, however, iu this 
case, as in that of height and all other dimenaiona, ia the only 
limit ; for safety ia always the gainer by an excess of section. 
Shrinkage had been included in the considerations regulating 
cross-sections in the Missiasippi practice. The generalizing 
pursued in thia case was aa erroneous in execution as in 
that of the " muck ditch." Different materials shrink in banks 
differently. Its particles — fine and loose — sand, however 
loosely it may be shovelled together, Alls its space closely ; 
and, therefore, whether wet or dry, settles at a very small dimi- 
DutioQ of its original bulk. In tiTiie, too, the process of this 
settlement is short. One-tenth of itd original content is 
a liberal allowance for shrinkage in sand. Tough clay, however, 
is banked up under diiferent conditious. Adhesive in its char- 
acter, it is loosened and lifted in lumps ; and from the size of 
those lumps, their shape, and their reBiatauce to a change of 
form, they fall together in an embankment without compactness. 
Settling of such a bank is the process of filling up all the cavities 
and spaces existing thus between its parts ; and hence in the 
case of lumps so large and stiff as those of clay excavations, ia 
theamonntof this settling quite considerable — generally about 
one-fifth of its original bulk. The time expended in the settle- 
ment of clay is longer than that in the settlement of sand. 
The diflerent modifications of material between sand and clay 
settle as to time and quantity, in proportion to the respective 
amounts in their constituent parts of sand and of clay. An 
average of 16^ percent, then, the allowance generally made iu 
Mississippi, waving the objection to the principle in the case, 
ia not. in all probability, a great error on either side from the 
strict justice as to the quantity. Two inches to the foot for the 
height, with proportional increase to the side slopes without 
any additiou to the width at base, is added in practice to the 
intended settlement section of the Levee, in order to cover the 
loss nf form and size by " shrinkage" or settlement. Accord- . 
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ing to the varmtione in the height of the bank from the Bnrfaojj 
of the groand aa addition of one-oistb was thuB added on tM 
it, over and above the gradient line of 3 feet above flood. H 

The seclion of a water-bank is a mixed question of theory 
and practice. In examining ita several parts hare, it baa con- 
seqnently been found unavoidable to mix up the abstractions 
of the subject with its working facts. Haviug, however, made 
those examinations under the several beads of slope, height, 
and crown, the next point to be made ia the combination of the 
results in the elimination of the practical cross-section. And 
first for Band. The width of crown being taken uniformly at 3 
feet, the slopes of a Levee, showing the strict angles of its stand- 
ing slope, on the inside for dry sand and on the outside for wet 
sand, is represented by the light lino in fig. 3. The broken 
line represents the section adopted in the present Levee 
practice of the State of Mississippi ; the heavy line in that 
figure representing the section resulting from the employment 
of the surplus material used under that practice, in increasing 
the resistance of the material when distributed at the strict 
standing slopes of the wet and dry sides of the section, in a 
manner to produce an equal increase of the resistance of the 
material of those slopes to motion from wind or wash. The 
section, figure 3, applies to sand. It adopts the quaTditiea of 
the practice at present pursued in Mississippi ; and redistri- 
butes those quantities on the basis of the respective angles of 
repose of the material in dry and in wet slopes. Pig. 4 repre- 
sents a crosB-section of equal strength with that of fig. 3, the 
one being assumed to be carried out in sand, the other in clay. 
The strength of the sand-section being assumed for its basis, 
this clay-section is simply an addition to the wet and the dry 
slopes of repose of material equal in quantity to the additioua 
made in fig. 3, to those slopes for sand. 

The sections in the two figures given here show again the 
relative proportions necessary for equal strength in clay and ia 



sand. The reduction, however, of the width of crown 
to 2 feet in the case of the clay is objectiunabie in practice. 
The considerations presented wheo reviewing the practice piir- 
ened io this particular in MiaBissippi suggest Lhe expediency 
of adopting the width of crown in all cases, of 3 feet ; and there- 
fore, is the section above given on the supposition on either the 
inside or the outside slope of a Levee, of aii addition of chfj 
having a uniform thickness of 12 inches as represented by t 
second heavy line. This, thon, showa a Levee as compared 
with that of the section in eiind, of considerably increased 
fltrength — the exceaa at the point of least resistance — the 



ind above the sand-bank nearly 50 per 
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crown — being overai 

The standing angle of each material being tuken as the bat 
the respective sections, the additions made to those standing 
angles for the purpose of increased stability — the additionmade 
in the case of clay giving the same additional width of base as 
in the oaae of aaiid — constitute in consideration of the superior 
weight and adhesiveness of the material, a greater additional 
stability over and above that of the section of the strict alopes 
of repose. The resistance to weather and current are greater, 
therefore, in the case of a clay Levee of the section shown in 
fig. 3, than of the section shown in fig. 4, thrown up in sand. 
The rnle adopted in Mississippi for the proportioning of Levees 
is seen to be wrong in its recognition of equality of their, dry 
and their wet slopes. But this rule is exceedingly inconvenient. 
Six to one being the proportion regulating the width of base 
in terms of the height in the State of Mississippi, the base for 
a Levee of 3 feet is 18 feet, of 6 feet is 36 feet, and of 12 
feet is 72 feet. The crown in each of these three Levees being 
5 feet wide, the base of the slopes themselves (deducting the 
width of crown) is for the 3 feet Levee 13 feet ; for the 6 feet 
Levee 31 feet ; for the 12 feet Levee 67 feet^the rate of slope 
on each side being thus : for the 3 feet Levee 2i to 1 ; for the 6 
feet Levee 2i3 to 1 ; for the 12 feet Levee 2m to 1, 
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Bight of Levee is thus seen, under the application of the Mia- 
iaippi practice in this purticuhtr, to present its own peculiar 
lope; and consequently does the whole line of Levee in that 
late present a constant succession ol' varying slopes — a different 
Bepe for every different height. The ineqanlity of the stability 
iMnlting from these circumstances is a mere theoretical con- 
deration too trifling to be regarded seriously in practice. The 
pjeotionable feature of the case, however, applies to its practi- 
il inconvenience- to the Engineer in estimating the quantities 
(fthe work. At this moment it does not appear that calcula- 
Pi be made with mathematical exactness in such a case 
f my established formula; but be that as it may, it is very 
iwrthat such calculations must of necessity be tedious and 
WnipHcated. The subject of calculation is, however, treated 
more fully in its proper place. The slopes ought to be laid 
down in terms of the height exdasim of the width of crown — a 
qoantity that is a constant for all widths of base. To apply the 
inferences from the sections given in figures 3 and 4 to meet 
this expediency of equality of rate of slope for all heights, it 
may he observed that those sections are given for a height of 
seven feet. They show for that height a wet elope, for sand of 
3| to 1, for clay of 1^ to 1 ; and a dry slope for sand of 24 to 1, 
for clay of Ij to 1. For a height of 10 feet these slopes would 
, for sand under the Mississippi practice be still flatter. As a 
ille then of constant application for all heights, these sections 
Y be generalized into the following : in clay the inside slope 
I be IJ to 1, the outside to be 11 to 1 ; while in sand, the 
jpe is 2i to 1, the inside 3^ to 1. In consideration, 
tvever, of the fineness of the sand available along the Mis- 
pippi, and of the greater or lesa mixture of that sand in all 
■clays, and also in consideration of the necessity of simpli- 
Bg calculations to the level of the expertness superintending 
ft works, it is recommended here that the rule for constructing 
Evees on the Mississippi be (as the conclusion of the foregoing 
narks on base, crown and material) as follows: 



The claj'-iiectioo supposes the rejeclioa {rom the banb of a 
Band. For any adm\xturt» of the two, no matter how small t 
proportion of that material in the aduiixtare, it would not b« I 
safe to deviate from the proportions recommended above fen 
sand. Id order to show the ease with which thie new practid 
ma; be enb-stitated for the present faulty one, the follow 
form of calcnlation is presented here : 
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To gaard against mistakes in making this calculation, it i 
recommended that after copying from the field notes the heights 
corresponding to each statioc, each of the other colnmns hA 
carried out separately. Otherwise the multiple of 2^ in the ona 
case will be often used by mistake for the other multiple and. 



vice versa. 
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CHAPTER IV. 



I ExpEKiENCE is made tip in Leveeing, as in all other works, of 

I knowledge of its details. Success in Leveeing, as in all other 

Latter of practice, is regulated by paying due regard to email 

irticnlars. The intention of this contrihutioQ to the eys- 

[ematizing of those works excludes from this book a full 

nination of all the specialities that have arisen in the course 

f my experience on Levees in both Misaiasippi and Arkanaae. 

Particulars, such ae occur often or involve important consider- 

i, are perhaps not excluded by the general plan laid down 

br my guidance in these pages. Attention may, therefore, be 

Erected to a few considerations suggesting tliemaelvea by the 

becial experience of my Levee-works. In preparing the 

ffonnd for Levee-base it is necessary to clear and grub the 

lole thoroughly, leaving neither stump,root, brush, weed, nor 

pen grass. This important duty is generally done with great 

irelessness. Before the work of embankment is commenced, 

I the timber, roots, weeds, and grass removed from the foun- 

totion ought to be disposed of in piles and burned to ashes. 

rhifl rule should be enforced rigidly. It is the only means of 

^aranteeing the exclusion of all unfit material from the body 

f the Levee. In Arkansas particularly, and in Mississippi to 

Tery large extent, to place logs, brush, and even whole trees, 

I the body of a Levee was an iunpropriety of not exceptional 
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but of common occurrence. • In new Levees such an impositJi 
can always be detected after rains by vertical holes i 
crown and sides ; and in dry weather may be detected ] 
piercing ihe Levee at intervals along the crown with an iron r 
The only certain means, however, of excluding from the ] 
aissippi embankments the materials grubbed and cleared frd 
their base, ia the enforcement of the rule that those materi 
shall have been burned in the presence of the snperintendd 
before the bank shall be commenced. 

In connection with this subject it may be observed h^ 
that the clearing along the line of Levee ought to extend toa 
trees growing within their own respective lengths on eit&| 
side of the crown of the Levee. All trees without that dista 
ought to be cut down ; but if this should be supposed a ne« 

* Tbe Co&homa Cummisaioiier — who haa made himsolf tJiorongbl; c 
widi the scientific firinciples and practical facte uf Levees — in bearing t- 
the triumphant succehs during the late exLraordinaiy Qood of LeKcs ] 
planned and executed, caIIb attention to tbe cause of breaks being Logs, &c., in ll 
bttDk. In hJB printed Address, of (he 25tb last July, that gentleman holds Uw-fl 
lowing langoaga ; — " The question, Lheo, ia : did tlie Levee Khen properly bum p 
form the work for which it was declared competent 1 I say it did ; and chalien 
•n; man upon the whole line of I.evee, on either side, to point to a liaglt break wM 
there did not exist a load cause." The address goes on to say : — ' 
m^ority of cases where breaks occurred, the water either ran over Ihe lop, I 
tttutjn aud logs emhidded in Iht toark occasioned the break." 

One of the most general causes, however, of Lovee-breaks during tbe late B< 
has been tbe Craw-tlsb. This animal digs a hole through tbe Levse, from the w 
aide, in order to obtain a passage through — the small flsh, or water insecla pasiiii^ 
in with the Sow, furnishing tbe object, and tbe reward of his labor as prey. In si 
the Craw-flsh cannot carry out bis purpose, for the hole when made falls in, 1 
Craw-Bsh, accordingly, desisting io his work. Clay banks are well adapted for t) 
operations of the Craw-fish, and though, essentially the beat in all other pnrticuti 
for Levees, are open 1« this grave objection ; this fact snggesls that to oblnju tl 
general advantages of clay erabankmenta in Leveeing, it is expedient in order tj 
gnard against ilB special disadvantages in those norks, to carry up witbln iJlem m 
wall of saad. The experience of the 1at« Hood makes this sand-wall in cUy Lev 
• detail of the first importance. 
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^^bss precaution, it certainly is Dot so in the case of all such 

^Krees leaning in the direction of tlie Levee, This should be 

^Bone during the clearing of the ground for the Levee, the 

^trunka to be burned with the nssf of the clearing-spoil. During 

laigb-water the falling of a tree, from either eide, across the 

embankment, will cut down through the crown at least several 

I have known one instance where a large cotton-wood 

^ feet in diameter) cut a 5| feet Levee to its base. If a eimi- 

r cut should occur during the flood season, on a high Levee, 

ibe water admitted through the gap so made would form a 

irevasse, sweeping away large lengths of the Levee, inundating 

B adjoining plantations, and for the season of its occurrence, 

lestroyiug the object of the whole system of Leveeing to the 

people and property of hundreds of square miles. But, besides 

iie avoidance of this danger, the removal of those leaning 

irees, at first, is in fact less expensive than when they have 

Fallen. 

Road-crossings are very frequently cut across Levees, in 
Slississippi, and elsewhere, during low-water. The planter 
idiately concerned is expected to see, at the proper time, 
tat such a cut is duly filled ; but in some stretches of Levee, 
'% often occurs that what is everybody's business is no body's. 
besides, this liberty with the Levee is bad in principle ; for 
t points directly to impunity, for infringements on the sanc- 
— BO to speak — of the work in less dangerous particulars, 
lows of Osage-Orange, or other bedge-shrub act along the base 
if each slope, will save the embankment, better thou all the 
BeBtrictions of law, from injury by either man or beast. In the 
ibsence of these hedges, however, it may be suggested that, 
guard against the cutting of roads across the Levee, the 
t course would be, as in Holland, to raise the natural surface 
pf the road-way by embankment from each side in easy slopea, 
Q the top of the Levee. To slope down the Levee-level at a 
if even 20 to 1 to the level of the road en either 
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crossing it, will, in general, require comparatively little wci^l 
the base of such an extra bank, exclusive of one-half the base " 
of the Levee, being for crossing a Levee of 10 feet high, but in 
all some 370 feet. This road-way is, in Holland, termed "' Ramp." 
The cost of this extra work is but small for securing the advan- 
tage of placing the continuity of the Levee beyond the acci- 
dents of local carelessness — of placing the important principle 
of its inviolability beyond the infringement of popular necesaity. 

Levees across creeks or bayona are very often made wide 
enough on top to constitute a roadway. The inviolability 
of the Levee comes in hero again to object as an important 
principle against this practice. Besides that the coarse is 
objectionable on the ground of economy. The grassing of the 
crown as a saving of wear aiid tear ia,_with the supposition of 
the roadway, out of the question. If cat tie- trespass on the 
elopes is to be excluded, it can be excluded with a roadway on 
the top by only the cost of four instead of two rows of hedges, 
two on each side of the roadway and two along each slope. 
The wear and tear of the whole Levee with the rut-cuttinga of 
wheels in wet weather, and the si ope -breakings of horse-hoofa 
in wet and dry weather, would make this roadway tell heavily 
on the Levee-account in increased outlays for maintenance. 
These objections apply with equal force to employment of 
Levees for roadways, whether along their whole length or for 
nny part of that length. In the case of bayou crossings, or 
the crossings of other deep breaks in the general surface of 
the back-land, the roadway may be combined with the Levee 
without going to the extent of making them perfectly identi- 
cal. The following section shows a method of combining the 
roadway with the Levee at deep-crossings with, in generf 
less work — a method, too, removed from the objections nrgi 
above against using the crown of the Levee for the purpose. J 

The Levee here is assumed to be protected fully from trei 
pasaeraby the hedge-rows shown at a and 6, the whole surfa^ 
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intermediate between these being protected by the proper 
coating of grass. The roadway, of course, is situated on the 
ilry side, and as an extra to the Levee, may be'left to the par- 
ties concerned in it aa a road for its maintenance. Three- 
fourths of it may be washed or worn away without any incon- 
venience to the Levee. Improvements of this sort on the 
present practice must be regarded with the consideration due 
to everything pointing to a saving in pubhcoutky^in taxation. 
The general question of making Levees the site of the road- 
ways required for the traffic and travel taking their direction, 
^^^ met in the foregoing remarks on Levee roadways. The 
^^Htavest objection, as has been seen, applies to the location of 
^^Kads on drainage embankments. Occasional travel even is so 
^^^pDrioDB that it onght to be avoided by all means — where 
^^^Kre efBcient means are not employed by the collection of 
^^Knsh, briars, or other obstacles across the whole extent of the 
bank at intervals. These impediments are absolutely essential 
b new works on new locations ; for few men will be so scru- 
pnlousiy observant of law as to ride through the tangled paths 
of a Bwamp when they may choose, in their stead, the open and 
nnbroken smoothness of a Levee. The enforcement of penal- 
ties, under such circumstances, is difBcult. The best remedy in 
allauch cases, after that of impervious hedge-rows, is — and for 
travel and traffic only, it is a perfect remedy — the construction 
of a roadway within the Levee at a distance sufficient to save the 
berax from the contingency of encroachment by either hoof or 
This, withbmsh walls di'awn across the bank at inter- 
will save the Levee from all damage except that arising 
the trampings of cattle and the " rooting" of hogs. The 
;e-Orange, however, is infinitely better than an army of 
,ce and a volume of penal laws, for the protection of em- 
menti from all trespass. 
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Excavations of the ground outride a Levee is objdctional^ 
In Bandj or otlier weak earths it is oven worse so than in dajl 

Under any circumstances such cuts oitglit to be removed -^ 
mr as possible from the b«rm of the Levee ; but never 
than ten feet. The " pits" dug in such poeitioiia onght nc 
lie continuous J but ought to bo divided from each otherJ 
walls preserving the continuity of the natural surface, 
'ited thus from each other, those escavationa will fill np I 
sooner under the depositions of floods. These breaka in \ 
I'xternal cuts will also prevent them of becoming channel^ 
flow ; and thus guard against the creation of avoidable cnrrj 
washes on the slope and berm of the embankment. The el4 
of those external pits should, on the side next the toe of I 
Levee, never be vertical, but always dressed off at an aiu 
i'lilly equal to that of the adjoining Levee slope. Left a^ 
less slope, the pit-banks may fall in, and the falling so occurrH 
will then advance until finally it shall have underminedl 
least a portion of the Levee itself. Trifling as this detail i 
appear, it is urged here as one which practical experience h 
pointed out as of great importance. Exterior excavatic^ 
then, for the construction of Leveea should be made in j 
separated from each other at intervals by walls, the inn 
slopes of these pits being never nearer the Levee base than a 
feet, and never of a more rapid angle than that of the wati 
slope of the adjoining Levee. These precautions ought to 1 
laid down expressly in Levee-contracts. Carried out practicj 
tliey will save the work from the contingencies of its first a 
perhaps second year of trial ; but after that, the /oreshtn 
the ground outside the Levee — will " warp" or " silt up" und| 
the flood-deposits until the resulting elevation going on totl 
full height of high water mark, the foreshore side of the e 
bankment will cost little or nothing for maintenance- 
Large Levees require in their construction especial cai 
Asa general rule it may be observed of those works that i 
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r tbey are the weuker Is tlieir natural luunJiilton. Tho 

wenty or thirty feet Levee in all uasea within my observation 

d a Levee, whether across awamp, bayou, or " old bed," 

hvingforits base a soil no strougur than shifting aanda or 

iBlorypnddle. All such Levees, on this consideration and on 

,e further consideration of proper compactness and strength, 

igbt to be carried np in regular layers of earth, each layer 

flished** out from the centre and tramped over by the hauling 

fccesBary for the next aucceeding layer. These layers should 

fct exceed three feet in thickness. Crusts thus carried up 

le after another from the base, assist to diatrlbule the preaa- 

fl of the whole equally over the whole base ; and thus in the 

eof weak foundations assist largely in the stability of the 

fcrk. Hollowed out from the centre—" dished" — these layers 

I eruats of tramped earth fitting each into the one below it 

uinot shift under the lateral strain of high-water. After en- 

nng safety at first by carrying the bank up thus in layers, 

) whole becomes subsequently one aolid and settled mass. 

> settlement allowance in banka so conatructed is merely 

ininal. In connection with the stabiUty of Levees across 

-discharging bayoua, it may be observed here, that that 

bility is sometimea threatened, after all proper precaution 

sonstruction, by the accumulation of water on their inner 

The bayou having diacharged outwards a mere tricMe 

bfaaps at the time of stopping it, soon accumulates to a con- 

terable body of water, until finally the whole becomes 

loDded up againat the sidea and bottom of the bayou and the 

itdde slope of the Levee to the height of the bayou bank. 

%e additional load on the foundation over and above the 

I and the river flood-water, is in itself objectionable, 

iongh perhaps not quite so much so as might appear at first, 

pbfin it ia recollected that the distribution of the weight, front 

fad rear of the Levee, would aavo the danger of " bulginga" 

Hp at the toe of the Levee — the place of these bulginga being 
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always occupied by corresponding sinkings of the embank- 
ment. But the greatest objection of auch poudings up is their 
continuance ; seeing that the longer they continue the more 
thorough and the deeper is the saturation of the underlying 
earths ; and the more thorough and deeper their saturation 
the greater the extent and the degree of the weakness or 
" meltings" of the earths in the foundation of the Levee. In 
order to guard against this evil, it is necessary that small cuts 
be run up through, or out of, such bayous to such a point a» 
may be necessary to divert their drainage into the general out- 
fall of the surrounding country. All Levees across out-Qovr 
creeks or bayous have been observed, when this precaution 
has been neglected, to sink into their foundations ; and as a 
consequence to cost more than otherwise for their maintenance. 
Crusts of earth have been referred to already as means for 
the distribution over a wide surface, of superincumbent loads. 
In the case of a " muck ditch " cut along the site of the Great 
Yazoo Pass-Levee of 1855 — cut against the express direction, 
if memory serve me truly, of the Commissioner and the Engi- 
neer — the advantage of an unbroken crust of this sort was 
illustrated very strikingly. The division by the " muck ditch" 
having taken place under the line of greatest load, that load, 
pressing on the lips of the cut vertically, acted on them as re- 
marked in such cases on a previous page, with a leverage, until 
driven down step by step the crust must have become, by tho 
consequent bending, broken near the toe of the Lovee on each 
side. Two distinct piecesof crust were thus, in all probability, 
driven down angularly into the thin matter underneath ; and 
thus, instead of using every precaution to preserve the natural 
crust as a grillage under the bank, the Levee was left to seek 
its foundation as best it might amongst quicksands and fluid 
puddle. The weakness of the foundation told itself accord- 
ingly by not only the sinking of the crown of the embankment, 
but also by the bulgings of the slopes and the spreading of tht- 
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baving been forced by those spreadiuga from a straight line 
into a auceesaioD of zig-zaga. Alarmed by the sinkage of his 
work — a siakage that, according to his estimate, was made 
uatui-ally enough by one in such a position, to cover all the lossea 
consequent on his own mismanagement — the contractor became 
unmanagable. The Engineer recommended him to open a 
ditch of a few feet wide and of five or six feet deep inside and 
parallel with the Levee, in order, by filling up the same with 
the trunks of the young cotton-woods cleared from the base of 
the Levee, to present a breast work of equally bearing resistanca 
on the dry side to the apreadings of the base — the then-standing 
flood-waters on the wet side offering sufficient resistance to 
spreadings or bulgings on the wet aide. A deep pit of sand 
furnished convenient drainage for the ditch so suggested ; and 
the excavations of the ditch would have been available for the 
completion of the embankment: according to the contract. 
Instead of adopting this course, however, the contractor at- 
tempted to carry up the sinking Levee to the contract-height 
by removing the masses of earth bulged out on its sides and 
epread out beyond its base to the crown, heedless of the re- 
monstrance of the Engineer that in doing so he was merely 
revolving an endless chain. Every yard taken from the 
bulgings on the side and removed to the sinkings on the top, 
was speedily replaced by another yard on the sides, the top 
remaining in statu quo. Finally, however, the work was re- 
sumed at the base and carried up in closer conformity with the 
slopes ; and, all parts of the cross-section thus newly loaded, the 
crown carried up finally in " a comb" to exclude the flood then 
standing some 20 feet on the water-slope, the whole presented 
sniSoient solidity, under all the unfavorable circumstances that 
attended its construction, to have dammed back that year's 
flood. This case fell within the practice of Mr. M. B. Hewson* 
Another case of weak foundation for a Levee came under the 
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observation of that gentleman in the construction of the great 
Levee across the mouth of the Old Lake of Oidtovra, in the 
State of Arkansas. The site of this Levee had, within the 
memory of men hving in the neighborhood, been the bed 
of the Mississippi River ; and as such may he well supposed to 
have presented a foundation of a description the very weakest. 
A. shallow stream running across the proposed line of work, the 
undertaking had not the advantage in some places of even the 
hard crust of the Yazoo Pass. The irregular course pursued in 
carrying out those works on the Mississippi confines generally 
its restriction on the contractor to the height, width at base, 
and width of crown, the means by which he fulfiUa those con- 
ditions being questions for only his consideration. Acting on 
the part of the State, Mr. Hewson had no voice as to foundation 
or any other obvious preliminary in a proper construction of 
the work. The contractor accordingly dumped in his earth 
without any preparation of tbe foundation ; and counting on 
pay for every yard so dumped, carried up the work by, simply^ 
force of purpose and labor. The centre frequently sank into the 
foundation. Standing sometimes for a couple of hours at its 
fiill height, it would drop down suddenly from 5 to 10 feet. The 
base spread to an incredible extent at all points but one — that 
one being loaded heavily with an interlocked and tangled mass 
of logs, branches, and trunks, removed in clearing the site of 
the work. The spreadings having reached their utmost at all 
other points, the work was being carried up along the loaded 
length of the slope, when suddenly the tangled mass of timber 
loading it was torn asunder with a hud noise, and shot for soma 
distance from its original position. The bulging that took the 
place of this weight on the base of the Levee was found by 
measurement to have been some 4000 yards I Such are the 
forces exerted by such Levees ; and such the character of thelt 
foundations. The " sinkage," as it is locally termed, was, how- 
ever, in the case of the Yazoo Pass-Levee, a mere trifle in com- 
parison with that at Oldtown. 
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"Weafe fouDdationa occur in tbe caae of Leveea, in ouly the 
cases of those important works tbat may be conaidered the 
Keys of the whole. The Yazoo Pass embankment once swept 
a\ipay, the whole extent of Levee remaining in the County of 
Coahoma would become, virtually, valueless to the parties 
living behind it as a protection from inundation. The under- 
taking of the Levee-ayatonx at all, involves, therefore, the 
necessity that all those more important points of the system be 
executed in a manner to insure, at least, as high a degree of stabil- 
ity as any of the less important parts of the system, With some 
30 feet of water standing on its outer slope at flood-time, its inner 
slope resting on the bed of a channel, of like depth, coustitu- 
tirig the arterial drain of the "back country, the failure of one 
of those Key-works of the system, when occurring to even the 
smallest extent, involves its total destruction. The rush of 
water through the whole width of this Key-levee, under a 
head of some 30 feet, sweeps into the back country in a foam- 
ing torrent ; the whole system of back drains becoming, in the 
first place, suddenly charged to the lips ; and then, all the 
overflow passing off upon a surface deprived of out-fall, the 
country behind the Levee becomes, to a greater or less extent 
according to duration of the flood-level in the river, com- 
pletely deluged. On the other hand, a "crevasse," or breach 
in the general line of the Levee, may not only be stopped 
altogether before it arrives at any considerable width ; but at 
the worst, the depth of its out-flow not exceeding a few feet, 
the back lands pass off the water, through their system of back- 
drainage, at a rate, if not even quite as rapid as the in-flow, 
quite rapidly enough in the generality of cases to prevent the 
engorgement of the back-drains before the fall of the river- 
level. A breach in the Key-levees, then, involves a certainty 
of wide inundation ; while a breach in a less important part of 
the system leads to an inundation under the worst circumstan- 
ces, limited in its extent, and in its diiruliou brief. But this J 
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is not tlie only reason why it becomee necessary to con- 
struct Key-levees witli special care. Costing, according to 
their present mode ol' coiiBtmction at a rale so high, in aome 
cases, ae upwards of $60,000 a mile, whereas, the generality of 
Levees do not coat over $2,500 a mile ; a breach in one of those 
heavy works — leading as it always does to its total demolition, 
results in a very serious loss of money. The destruction of 
Yazoo Pass-Levee was as great an injury to the treasury of 
Coahoma County as would have been the destruction of theJ 
whole embankment, from the junction with the Pass-levee tft 
a point as far South as Friar's Point ! The Commissioner v 
very much censured by parties interested in the stability < 
this Pass-levee, for his special outlays on construction of thj 
work, and for his rigid enforcement of the conditions set fori| 
in the contract for securing that stability ; but how thorougKl 
rebuked his shortrsighted, and, perhaps, factious censur^ 
must have felL, when they discovered to their cost, by the dsi 
truction, in 1855, of that most important work, that in all ] 
care and all his " harshness," Col. Alcorn was pursuing tq 
course as a public servant, of courageous honesty and enlighj 
ened carefulness. The truth is. Col. Alcorn felt at tbe tima 
that his duty in the case of the Pass-levee was rather undeivS 
done than overdone ; and in conversation with Mr. M. Bia 
HewBon, on the subject, frequently referred to the embarraBS 
ment in which he was placed in the case, by the absence of J 
sound and intelligent public opinion as to the conduct of thosi 
works. The purse-strings being in the hands of the tax-payen 
in the case of Levees, it is of importance to their best interesa 
to place such mcusurea as are necessary for the proper con 
fitruction of those works, under the endorsement of theij 
understand inga. Having with this view referred to the apecia 
importance of such works as the Yazoo Pass-Levee, and th^ 
Old Town-Levee, Ac, it is proposed, now, to offer some genert 
remarks nn Lcvt'c-foiiridntiona. 
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The mure ituporlHnt. portionsofllie system ot" ri\ er-embank- 
ment in the cane oftbe Mississippi, reHts, as has been said, on 
foiiDd&tions of puddle or quicksand. Continuing to dump in 
earth into embankments on such a foundation, is found in 
practice to result, after a greater or less waste of earth, in 
compressing the foundation downwards and outwards to a 
compactness sufficient for the resistance necessary to sustain 
the intended Levee. The Levee accordingly stands — its height, 
crown, and aide-elopes being in perfect accordance with the 
contract. This is all the public expect ; and unfortunately, 
with their present views, this is all they will sustain their 
Commissioner in enforcing. The flood, however, rises on the 
face of this Levee — 10 feet, 1.5 feet, 20 feet — even 25 feet, and 
a load of 600 lbs., 900 lbs., 1500 lbs. becomes thus added to 
every square foot of the outer haJf of the Levee base ; while 
no corresponding weight on the inside is available for eatab- 
liahing a counterpoise in the watery material of the foundation. 
The compression that the foundation underwent, originally, 
before the Levee attained the required height, was the result 
of the weight of the earth employed in its construction ; and 
it is only reasonable to infer that, with the same foundation, a 
further load, whether of earth or of water, will occasion a fur- 
ther compreseioD. Additional sinking, or "' canting" under the 
outside slope, and additional bulging, or spreading of the inside 
elope, is a natural result under such circumstances ; and the 
special weakening of foundation under the special saturation 
of a superincumbent head of water, combining with the other 
natural result in the case, no surprise ought to be felt that the 
great Levees, constructed after the general practice on the 
Mississippi, should be swept away before high floods. To con- 
fltract those works properly, then, requires special steps in 
reference to the strength of their foundations. Brush makes a 
very good foundation in weak soils. McAdamized Roads have 
been carried through otherwise impassable marshes in England, 
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on foundations of brush laid iu consideraltle thicknesB apl 
the surface of tbe loareli. It is extensively used in Holland, 
and the "Low Countries," to strengthen tho fonndation of 

heavier embankments than ore likely ever to occur in practice 
upon the Mississippi bottom. In Ireland, heavy embankmenta 
of the Grand Canal, and also, embankmenta of the Great West- 
ern Railroad have been carried in several instances across deep 
" fiow-bogs" on brush. The Grand Trunk Railroad, of Canada, 
has a bank some thirty or forty feet high, across a deep and 
wide marsh, sustained by a brush foundation. Several such 
instances of the use of brush, might be mentioned here, to show 
how useful for the purpose of Levee- foundations is a material 
that, along the banks of the Mississippi, may be obtained with- 
out stint or trouble. The branches of the trees cut off for the 
purpose, should be laid evenly across the base of the Levee, in 
layers 24 inches thick, the direction of those in each layer " ang- 
ling" across the line of the base, those of the layer next above 
being laid " angling" in the other direction. Two layers are qnite 
sufficient for ordinary beighta of bank, and ordinary weakness 
of foundation ; but in other cases, it were better to lay three 
layers or even four. " Old "beds," such as the Yazoo Pass, or 
Old Town Bayou, should in all cases be brushed with four lay- 
ers, compressible to a thickness of, at least, six feet, each layer 
having its branches laid across the line of Levee, askew — the 
second layer crossing that of the first, and so, also, with the 
others. The brush should be cut off regularly, so that it would 
never extend on either side within ten or twelve feet of the 
toe of the bank ; pressed for even its own thickness into the 
foundation, and the brush covered up completely, the embank- 
ment resting upon it will not, necessarily, be open to 1 
objection of leakage. Brushing, properly and carefully esB 
ployed, in even the highly unfavorable circumstances of t 
Key-works of the Levee-drainage, will constitue a perfeclj 
stable foundation. Fascines are sometimes employed 
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the simple brush than with the fascines. Sand is another 
material most available along the Ifississippi, for the pQr(H>ses 
of artificial foundations. Loose in its parts as it is, sand is 
not sapposed, generallT, to be capable of constructing a mass 
of such stiflhess as to distribute over its length and breadth 
the pressure of a heavy load. This, however, is the fact. Like 
water in other particulars, it is especially like water in dis- 
charging its pressures, tmder certain circumstances, latterally 
as well as vertically. This property of sand has lead to its 
employment in fotmdations as a substitute, in certain ciuios, 
for piles of wood and of iron. Wooden piles obtain their boar- 
ing mainly from the resistance presented to their section ; but 
sand-piles, in addition to this resistance, are found also to 
present a further resistance along their sides. Friction or 
adhesion, as it may be, this increased sustaining power of tho 
sand-pile has been found highly useful in tho preparation of 
foundations for heavy Engineering works in soft and iloop 
alluvium. Where the base is not so weak as to require tho 
use of piles, artificial foundations of ample strength arc somo- 
times obtained by spreading over the natural surface a thick 
and uniform coating of sand. In wet situations, however, 
hydraulic lime is sometimes added under this practice to tho 
extent of one-seventh the bulk of the sand ; and as such lUk 
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addition would, in all likelihood, be fouud iieteHSHry in the ca^H 
of the great embiinkraents of the Levee-ayatem, the ueo of sandi 
for artificial foundations for Levees, nftist, on the score of econ- 
omy, be confined to piling. Brnsh, however, ia in all i 
the beat material available along the Missisaippi, for the ] 
paration of a Levee-base ; bnt before loading an unusntil 
weak base with an unuuually heavy embankment, it would I 
well, in addition to the bruBbing, to sink one row of sand-p 
immediately under the intended site of the crown, and I 
other rows on each side of it, the piles in each row alternali 
regularly with those next it, thua : 



These piles ought to be about from 1 to 2 feet in d 
the centre row being placed at intervals from centre to cei 
of say six feet, the next row on each side beiTig parallel ^ 
thia centre row at a distance from it — from centre to centre 
of about 8 feet, the intervals between the piles of those s 
rows being from centre to centre 8 feet. The outside j 
ought to be sunk at a distance from each other and from 1 
adjoining rows of 10 feet from centre to centre. These piB 
may be put in by aeveral methods. A light lift-ram being e 
ployed to drive into the intended place (where the same i 
not be done by a heavy sledge) a wooden pile of the inte 
size, this pile, after being thua sunk to the required depth, mw 
be withdrawn, and the hole filled in rapidly with sand for t 
purpose, this sand-filling being compressed at intervals as i 
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esaea, by blowa of a, rammer. By the time this sand pile 
f thus filled in and compreaaed, the driving-party will have 
ken placed ready for work at an adjoining pile ; and thua the 
pole area will be piled, each pile being completed before the 
BiviDg ehall have been commenced for that adjoining it. Six 
Bseven feet is quite sufficient as a depth for those sand-columna. 
pe best method, however, for Biiiking thoae pilen where tho 
■tflotof the work would justify the outlay, would be by an iron 
blinder, furnished on the inside with screw threads one-half 
the diameter in width ; for this might be sunk and raised 
clrithout machinery ; and permitting conveniently of increased 
e,ia well adapted to piling with sand columns of two feet in 
Jnet«r. The larger and the closer the sand piles the more 
roughly do they pack the material of the base, and the more 
effectively do they increase their own bearing-strength. The 
regular mode for sand piling is that pointed out here ; but the 
rough mode of doing every thing in Leveeing will probably 
substitute, in sinking those pilen, a pole forced into the ground 
by manual strength, and, in withdrawing it afterwards, worked 
around its point until the hole becomes sufficiently widened. 
The bottom of the pile, it must be recollected, will be very small 
under this proceeding ; but by ramming the sand thoroughly 
into the hole — water or no water — sand-piles will, under even 
euch poor construction, assist largely in compressing the soft 
earth around them, and in supporting the load of a heavy em- 
bankment. Be the mode of construction for those piles then 
what it may, they are recommended in all cases of unusually 
heavy embankments and unusually weak earth ; and when even 
partially employed are highly valuable accessions to " brushing " 
in artificial foundations. The popular understanding must, how- 
ever, be satisfied in reference to every reform in the con- 
atruction or management of Levees ; and as the association of 
strength with a "foundation of sand" conflicts with all the 
■eviously formed views of that populur understanding, it ia 
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well to Eustain ihe tise of eaud-piles — as has be(>D done in the 
case of the recommendation of bruuhing — by reference to 
epecific practical teste. In reference to the general fact of 
Band being a strengthener of weak foundations, it may be ob- 
served that it baa been employed successfully as such, nnder 
heavy masses of maaoury at Geneva in Switzerland, at Bayonne 
and Paris in France, in India, in Surinam, and doubtless in many 
other places where its use lias not falJeu within the knowledge 
of the writer of this. In the " Anuales des Fonts et Chauseea " 
— the Reports of the Board of Pablic Works of France — for 
1835, a complete account of the use of sand in foundations ia 
published ; and in order to satisfy the sceptical planter as to the 
utility of that material in foundations, the following extract is 
made from that report in the translation of a professional paper 
on the subject, by a member of the British Corps of Koyal 
Engineers. " On a very soft soil nine piles about, 4 feet three 
inchee long and S inches in diameter, and distant from centre 
to centre about 16 inches, were driven with a monkey weighing 
about 2 cwt. falling from a height of 3 feet 6 inches ; the 
driving was continued till the piles only yielded about | of an 
inch at a stroke ; upon these piles a load of 20,000 lbs. was 
placed and the settlement amounted to about one-fifth of an inch. 
These nine piles were then drawn ; and the holes in the soil 
filled in with eand ; 16 more piles were driven in the same way 
BO as to occupy a space of 6 feet square ; the ground was then 
well rammed ; and a mass of masonry similar to that in tne 
former experiment was built and loaded with lead as before : 



Uodara weightof 105O llH.UieMlUeuit 
" aiOOlba. 
'■ " 8160 Iba, " 

Whicb increased to 

UadeT ■ loud of 18 tons the settlement was 
21 tom mads do sensible change, and 30 tons 
increased the aeltlemeot abonC 1-50, and 
Bflcr a moulh tile total amounted to 



< 1-26 inch. 
2-35 inch. 
a-25 inch. 
4-2G inch. 
1-5 Inch. 
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A well about 12 feet deep filled up with silt and clay ; after I 
having removed aboat 16 inches of soil from the surface the 1 
Qoder stratum yvas found quite soft, a Ram penetrating 6 ' 
inches at a stroke. To harden this soil, 25 piles were driven 
about 4 feet 6 inchea long each ; this foroed the soil up about 
16 incheB above the previous level ; the driving was continued 
till 20 blows of a Ram weighing 2 cwt. let fall from a height of i 
3 feet only, caused a pile to penetrate about 4 iuchea, which 
took about 40 minutes' work, After having driven all the 25 
piles and levelled their heads, they were loiided as follows : 

12 tons caused a seUlemeiit of about 1-20 incb. 
18 tons " " 1-10 incb. 

And ill Lhree days UiiJi increased to I-C limb. 

These piles were then drawn, and the holes filled with sand, 
which was well rammed, and which ramming caused a barrow 
full of earth to bulge up between the holes. On the ground 
thus prepared a mass of muaoory was constructed and loaded 
with lead as before, and the settlement was as follows : 



IS tons caused a settlement o 



1-10 iDCb. 

2-6 inoh. 



These weights were placed in April and remained on till De- 
cember, when the increased settlement amounted to | of an 
inch. The load being reduced to 10 tons, no further settlement 
took place between December and May." Other cases of the 
employment of sand-piles are given in the same reports ; but 
this is sufficiently specific and forcible to satisfy any reasonable 
doubt as to that employment in the foundation of Levees. 
Some of the cases given have been in situations where the silt 
and alluvium was over sijsty feet in depth. Let the holes then 
be opened as they may, pack them well with sand aa close to 
each other as the circumstances of the case may demand ; and 
the result will be, in all cases, an accession to the strength of 
the foundation, and, therefore, to the stability of the Levee. 
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Urnsh and sand combined will undoubtedlysustain the heaviest 
Levee under even the most unfavorable circumBtancee ; and 
the most available and cheapest materials for the purpose 
being thus sufficient for the requirements of any case, it is un- 
necesBary to consider any other methods than those based on 
the use of theae for accomplishing that important object in 
Leveeing, substantial foundationa. 

The difficulty, however, of meeting every particular of im- 
proved construction in the Levee, liea in the sneer of the 
purse-holders in the caae at what it calls " College" Leveeing. 
But the taxpayer who is enriched by the Levees of the Missis- 
sippi will make a grave mistake in assuming himself exempt 
from the hard lessons that have taught people placed under 
like circumstances in other countries, the wisdom of their pres- 
ent practice in water-embankments. In order to urge on the 
popular judgment of the valley the importance of the sugges- 
tions made above for fencing, grassing, and otherwise 
protecting the work, after its construction, for mucking, layer- 
ing, brushing, and even piling, in the course of its construction, 
it may be well to add here a few instances of the costliness and 
care involved in the case of European and Asiatic water-em- 
bankments. Touching the dimensions recommended above, it'| 
may be observed that Sir Cornelius Vermuyden gave the em-j 
bankments of the Welland in England for a height of 8 feet,^ 
base of 70 feet ; and that of the Ouse — with a crown of teq 
feet — for a height of 8 feet, a base of 60 feet. The Ouse f 
Weisbach has for its embankment a height of 10 feet carri^ 
up on a base of 100 feet. Sir John McNedl, in thedrainage i 
Lough Swilly in Ireland, gave his embankments a base of froa 
6j to 6 feet for every foot of their height. On the Lower I 
moodah in India, the " Bunds," as " Levees" are there torme^ 
have a base for 4 feet high of 23 feet. In reference to i 
inequality recommended in the case of the dry and the v 
slopes of Levees, it may be added that the practice of th! 
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.equality is universal. Sir John McNeill — a name distin- 
ished highly in hia professiou — has given tho Lough Swilly 
ibankraeuts, already referred to, an outside slope of from 
to 1 to 4 to 1, while the inside slope ia but 2 to 1. 
Sir John Kennie reports the construction of an embankment 
connection with the Commisalonera of the None Outfall, the 
meneioDs of which were 5^ to 1 to seaward, 3 to 1 to landward, 
le top being i feet broad. Arthur Young, in hia agricultural 
iports, mentions several cases of embanking, one of which he 
lye waa erected in 1800 : the dimenaiona were for the sea slope 
to 1, laud slope 2 to 1, 12 feet in height and 4 feet broad on 
ip. The Dikes of Holland — constructed principally as defences 
im the sea — are generally raised 30 feet above the ordinary 
ivel of the country. Banks have been occasionally made twelve 
et wide on top, and carried 2 feet above the high-water mark, 
ley were in some positions turfed and strengthcnod in 
iriona places with stakes, or pil«s and planking. Sometimes 
uika were formed by driving rows of piles or stout stakes 
arallel to the river at distances of from 2 to 3 feet apart, and 
uniting their beads by a plank, or weaving roda around 
lem, the paraUel apacea between were filled up with chalk 
: some other hard aubstance. Banka made of sand, in which 
siga of bruah-wood are placed horizontally and clayed properly 
with from 1 to 2 feet thick of clay, are found to stand remark- 
•hly well. Coroboratory of the stress laid upon the aelection 
of day for Levees, it may be observed that in Holland, where 
ttiB system of water-embankment is carried out under all tho 
experience of centuries of disaster and destruction of life and 
property, and where the adoption of the best mode in each 
particular is a question of national concern, sand in the site of 
tne Levee is rejected when better material cannot be obtabwd 
*iort of a havl of even Jive miles. In Europe, no trouble or cost 
18 Bpured in the construction of water-banks to make them 
perfectly water-tight. Carrying up within the work a wall of 

335 IBB 



100 



PRINCIPLES AND PRACTICE OP 



puddle, a practice which is koown by every Engineer 
iiniversat in the constmction of all water-tight embankmenta 
does not require for its endorsement an isolated instance HIei 
even that in the banks of the Swilly-draioage in the practlfl 
of Sir John McNeill. The care recommended in reference I 
the foundations of Levees is borne out by general usage in sm 
works — in England, in Ireland, in France, in Holland, in ' 
many, in India. The preseTvativa measures urged above t 
but modifications based on universal practice. In England a 
in France water-hanka are regularly " turfed ;" and in we^ 
places protected with even stakes and piles. In Holland t 
water-banks are protected on the outside by a strong coati 
or matting of flaggere and reeds ; and on the inside are f 
tained by piles and planking, the slopes being coated thiid 
with grass. In the Swilly works, as illustrating the latest practj 
and highest experience in Europe, it may be remarked that a 
land-slopes of the embankmenta were all covered with tin 
the water-slopes having been protected with a facing of fasci^ 
six feet thick at bottom and 4 feet thick at top, these fascinSI 
being laid in an oblique direction in the slope and fastened 
thereto firmly by forks of iron. Reason then has been 6r8t 
appealed to here in urging the adoption of the care recommended 
in the construction and protection of Leveea; and these last 
references to the subject, show that the suggestions of reason 
in the premises, are fully endorsed by the general practice. 
But another point for viewing the subject may be illustrated by 
a reference to the cost of hsvBs-maintenance. In Zealand the 
maijitenanceof their embankments — 300 miles in length — coat 
them annitaUy $800,000 1 The maintenance of the embankmenta 
and the regulation of the water-levels in Holland, cost the 
enormous sum of $3,000,000 a year I Sea-banks those works in 
both Zealand and Holland ctiefly are ; but, on the other hand, 
it must be observed that in ruference to the cost of their main- 
tenance they have been constructed with the best material in 
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the beat maQoer, and IJieir preservation bas been guarded sincn 
tbe time of tbeir construction, with all available preservativea 
against decay. River-embankments, it ia true, the Levees of 
the Mississippi are ; but it must be recollected that, until the 
manageiaent of one portion of those works by Col. Alcorn, very 
little care whatever had been taken in tbeir construction, and 
equally little in their preservation. The maintenance tax then 
must continue a heavy burden for some time to come on pro- 
perty-holders within the Levee ; and this tax is subject to 
redaction in only the amount of care expended in constructing 
new Levees and in preserving both new and old. The method 
of construction and tbe means of protection after construction 
recommended above, are thus seen to be means adapted 
to reduction of taxation for Levee purposes On the parties 
chargeable with their maintenance. Id this point of view then 
t is hoped tbe popular judgment will hesitate before it under- 
:e3 to eneer away recommendations so influential for public 
;Dodasmere " College" nonsense. These remarks are intended 
iot for the tfiteUigence of the valley ; but for the guidance of that 
jopular mind which may stand a.t the ballot-box, an impassable 
bstacle to even such a bold and talented reformer of the Levee- 
^Htem as tbe distinguished gentleman to whom this volume 
.inscribed. 
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CHAPTER V. 



WATER MARK. 



The municipal line is supposed, under the present law id 
MisaisBippi, to make each down-stream County higher than the 
6ood that may inundate the County above it. Boliver is, 
therefore, aasumed to have no concern in the drainage of Coa- 
homa. Engineering, then, must trim its practice to meet the 
absurd Bystem of mere County juriadictions. The wide revi- 
sion suggested hereafter, for the correction of flood-levels in 
Levee-surveys, cannot be carried out satisfactorily at present j 
and hence does it become necessary to offer a few remarks on 
flood-levels in connection with the cramped working of the 
existing Levee-law. Simple as it may appear, the establish- 
ment of the High Water Mark along the lines of Levee, is very 
often a source of difficulty even to the skillful, and of error to 
the unskJUful administrator of Levee Engineeriiig, * And 



* UluBtialJTe of tlio errors in conatruttion resulting from want of akill in delor- 
iDioing Higb Water Mark, Uie following estracl is made from tlie Report of 1856. 
bythe then CommiBBloner of LeveeB, in Tonica — Jodge Hardeman: — "The pro- 
file of Mr. Hewson'a snryay, fee. • • * * On being witli Iiim during the survey, 
and his taking the Held notes of the same, it has been clearly indicated to me, thai 
all the Ltvees heretofore built in the Caanin, —except that portion built and repaired 
the past Beasnn — are from oris lo ticojett loo low, &c. These Levees sliould claim 
our first attention and, if possible, bo repaired the coming seasoti." Judge Harde- 
man might have e'en stated that the pioflle from which bo epealts, showed Bome 
BtretcheB of the embttiikineDts so much aloi-e High Water Markaa aj feet; whihi it 
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error, be it recollected, in this particular ia the moat dangeroos 
that can happen in all the facts affecting the eyetem. In the 
first place, it reqnires great caution in accepting testimony, 
generally more or less hazardous and loose, aa conclasive. 
Checking the flood-levels above and below the point of diffi- 
ciilty in such a case, is the only means of passing from such 
conflicts of anthority to fact. Nor in making such a compari- 
son mnst it be conclnded that the rate of descent of flood-water 
is always that of oniformity. Across a bend it may be very 
rapid ; whereas, the line of flow crossed by a dense forest, 
thicket, or cane-brake, the flood-line, for a greater or less dis- 
tance up-stream, will be either that of exceptionally slow 
descent, or of even a dead-level. But further difficulties apply 
to the acceptance of local evidence as to High Water Mark. 
In Levees of wide foro-ahore, it is a great, sometimes a danger- 
ous mistake to accept as absolute the High Water Mark cut on 
a tree on the spot, during the flood of 1844, or 1850, by even 
that oracle of flood-facts, an " Old Surveyor." The " Old Sur- 
veyor," doubtless, may have even made the mark at the exact 
height of the flood-water, then and there ; but this amounts to 
simply nothing, when it is recollected that the flood-water at 
the point in question was the flood-water of an outflow, and that 
the river-bottom, while having a fafl of 7 or 8 inches per mile 
along its axis, has, across (hat aans, a fall of 5 or 6 inches per 
mile. The Old Surveyor, in short, forgot that, there being a 
fall in the outflow and also in the ground from the River-bank 
to hia flood-mark, the damming back of that outflow would 
throw up the flood-level proportionally higher. This consider- 

«honed other lengtha, bo mucli a^ eiglileen inches bilote High Water Mnrk. The 
report maile to him on the subject, holds in fact these words: — "The old Levee, for 
27i milea, requires an average additional lieight of 1-55 feet, to briug it up to Uie 
required height of 3 feot above High Water; in some cases, this length of 
Levee was found la dip Ulutc Iht Migh Water-lmei — each such dip involving, io 
ilood-UiDe, vertaiu destrui'tion to couaide-rable lengths of the work above ami 
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atiou is highly necessiiry in ascertaining the if lie working Higll 
Water Mark. The ready-made Engineering of the first Leveea- 
if indeed, it be any thing more intelligent in eome places i 
day — overlooked the fact that the flood-marks across the btri 
torn follow the combined slope of ground and outflow ; and i 
consequence of this extraordinary error, many a mile of Levi 
has been swept away, many a dollar, in both scrip and caaU 
wasted. In practical illustration of the difEcultiea of fixing t^ 
High Water Mark — a duty for ivhich every man along the MU 
sissippi regards himself perfectly competent — it may 
observed here, that the High Water Mark taken, on all the local 
testa, at a point on the upper reach of " Old Biver," at PoM 
Royal, in Coahoma County, Mississippi, was higher than tlu 
High Water Mark taken with tike care, at a point half a 
down-stream, hy so grave a difference as IJ feet I Indeed, th( 
evidence available in the case is so loose and uncertain a giiideJ| 
and an error in that guidance, involving the destruction of thq 
Levee, it is highly important, in order to proceed under all th< 
available lights with safety and confidence, that the selecte*! 
levels of High Water Mark be compared one with another, alon| 
each whole drainage district ; and, finally, be revised by c 
parison with the selected levels corresponding to them i 
the other side of the river. But this necessity supposes t 
improved system of Levee-law and Levee-administration. Fod 
the future, however, it is highly important that the publioj 
attention be directed to the wisdom of recording, as often i 
poasible, along the river, the height of each year's flood. Wliilol 
the memories of parties living along the bank, on both sideE^ 
are fresh with marks of the iate disastrous flood, a movemend 
just now would be well timed for the commencement of such a 
ayatem of record from end to end of the inundated shores. 
Well-ascertained evidence of this sort may be fixed at once, by 
the leveller; and after comparison and selection of all the factaJ 
he may transfer the revised flood-heights to a se 
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Bench Marks, sunk for the purpose, at intervals, inside the 
Levee. These Bench Marks should be driven down, firmly, 
three or four feet into the ground, so as to guard against their 
being broken or sunk ; and when their levels may have been 
duly ascertained, that of each in reference to its flood-le^el 
should be marked in red chalk or paint on one side, the num- 
ber of the Bench Mark being marked, likewise, (in order to 
identify it) on the other side. This use of Bench Mark-stakes 
is universal in the Engineering practice on the "Dikes" of 
Holland ; and like most of the usages established for the con- 
duct and maintenance of those works, is highly applicable in 
the case of the Mississippi embankments. 
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CHAPTER VI. 



LOCATION. 



The location of a line of Levee is a coneideration involvioj 
permanence — involving ecoaomy of construction and econoi 
of maintenance. I-arge Bums of money have been expended i 
Levees which, in several inatances, have wilJdn twdve movihs t 
their const fiiction faUen into the river. The cause of this hai 
been ignorance or careleBSuess in determining the location. 
Private interest, however, is very often a disturbing influence- J 
in forcing the location of Levees from the line of safety aadl 
economy. A Planter has frequently been known to be so shoru 
sighted as to have urged, and in fact obtained, the location of \ 
Levee around three sides of even a "turnip patch" rather thi 
consent to the necessity — to himself as well as to the ^ 
public— of locating that Levee in continuance of its proper align-1 
ment directly across that " turnip patch." * Tlie increased cost 

* Id the address explaniLturj of the causes of Levee failure during tbe late Dood 
of ILe Mississippi, the Coaboma, Commissianer, while pultiag tbe scieutiSc cunsidB- 
raUons of tlie ulbb in good popular [erms, caps those coDsidetalJoua "by ri 
late practical experience ; oupogeslTaud IS he aaya: " Motion, whether of solida oi 
fiidda, naturally follows straight linea ; aud all deciationa from that taw are occoi 
plished by an expenditure of impulse on the object occasioning that deviation. 
inddeD turn in a stream concentrates the whole energy of tbe fluid-mol 
ODB point, occasioning that sudden turn, hence the danger of all suddeu tumain ttel 
Levee. In tbe original locations of the Levee all these laws of motion wereTJoUted;] 
^eTtgard whatever Koipaid to tht eJ^^nment; it was made to \cmd ilielf m 
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F coiifitrutiing tUo embankment to meet this gentleman's nar- 
!Ow-minded views, as compared with the cost of conatracting 
pie embankment on itB proper alignment, has very often been 
ten times greater than the whole value of the additional piece 
r gronnd he had, by forcing the Lavee out of its course, sue- 
leeded in enclosing. This, however, is not the only injustice 
done under such circumstances to the body of the tax-payers ; 
for in making the Levee on the zig-zag necesaary for the gentle- 
muD'a purposes, that course is subject to the additional injus- 
tice of either reconstructing the work on the proper ground 
when the zig-zag may have fallen into the river, or of flooding 
the whole back-country when the shock of the high-water cur- 
rent striking against it directly, bursts its way in a " crevasse" 
through that zig-zag's up-stream juttings. The location of 
Levees, then, it maybe seen from these remarks, should not be 
a mere matter of random ; but ebonld be determined thoughb- 
illy with a view, in the first place, to the progress of the 
I river whether in "caving" or "making," and with a view in 
, the next place to the obviation of current-shocks. 

In locating a Levee, the first duty is the mapping out care- 

fcfolly of the bank ; and, as far aa may be done, by a careful 

BjSretching of the cnrrent-set, the " caving," and the " making." 

IJbi the case of cavings and makings, every information as to 

B'^eir commencemeni, their rate of progress inwards, and their 

Ittdyance rfoMJw-stream, should be obtained carefully from local 

information and recorded at the proper points upon the map. 

lie cavings and the makings of the bank pass down-stream in 

■ series of waves, period after period ; and, therefore, by aacer- 

ing the rate of descent, the rate of penetration of a 

MB-peH or hane-tot, preBenOng olitiiao anglea in tha work at many critical 

) uid UiaL, too, wiLhout any iiicreaaed strengtli of embankment al Uioss 

At many naeh pkteei the Levee during the late riiegave teat/, for the reason, as 

as without atrengtli %a roBiat tiie purronl-siiock." Tlie most Keolouannd 

H Informed friend of tlia Levee-ay Bl«m Lbua urges and eodorseBUie importanoe ol 

>r sttculipii tn tbc qocatirin of aiiyiuineuL. 
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" cave," or exteDsion of a " make" at the point of its operatioQi 
the location of the Levee opposite that point may be mad| 
with a full knowledge of the conditions of its permanencO 
Leveea built one year under euch, evidently, necessary precaa' 
tioDB, will not he swept into the river within either a {evi 
yearn or a few months after their construction. In order i 
illustrate this important point more fully, the method of n 
ing, and indeed of applying, the notes of " caving" and i 
" making" as recommended here, may be impressed upon thi 
understundingof young Bngintiers more readily by a speciality 
With this view then is given the following instances. Th- 
Chief Engineer of the Mississippi, Ouachita and Bed Riva 
Railroad, having located the Eastern Terminus of that road ti 
a point which failed to satisfy some of the stockholders, Mr^ 
M. Uutt Hewaon, then directing the affairs of the Arkansas! 
Midland Railroad, was engaged to report upon the question; 
The general grounds on which the original location hi 
based having been taken up by that gentleman as the heads o<! 
Lis inquiry, one of those so made the subject of his inrestig*', 
tion was the question of an anticipated change of course in t^w^ 
river by a " Cut-off," opposite Gaines' Landing, Mr. Hewson'9 
report under this head presents the following illustrativt 
remarks applicable to the considerations referred to here af 
guiding Levee-locations. 

" A long professional experience in the improvement i 
rivers, a somewhat intimate acquaintance with the laws i 
fluid-motion, and a i'ew years observation as a resident on iti 
banks, of the habits of the Miasisaippi, fail to place my answer 
to your fourth question within the limits of exact induction. 
It is much safer to speculate than to demonstrate on the subjet 
of changes of the Mississippi River. I shall, however, furuist 
TOU with the facta bearing on your question ; and thereby 
rnftbl« von to judge for yourself as to the logical justice of m}6 
(inferences. 
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" One general law of tlie Mississippi River — subject like all 
general laws to special exceptions — is very plain, viz : the 

progress of itscavings, like that of its currents, ia down-stream. 
Inthat portion of the river under consideration, the set of the cur- 
rent from the Arkaosas side struck the Eastern bank, some tima 
ago, opposite the residence of Col. Martin ; whereas, now, the 
most Northerly thread of that current does not strike the same 
bank for several hundred yards hicer down. So much for the 
general fact of the progression of the cause of active caving. I 
will now call your attention to the present stage of this pro- 
greaaion in the reach of river under consideration. Eleven 
hundred yards below Col. Martin's house, the present caving 
commences ; the Southern limits of this caving is not reached 
for a further distance of eight thousand one hundred yards 
Etill lower. The centre of this existing impact on the bank 
nay, therefore, be deduced as midway between those limits of 
present caving — that ia to any, 4000 yards below the Northern 
limit of that caving. The force of a current, always a miui- 
Mnm at its outer limits, reaches its maximum in the middle of 
tiioae Hmits. Now, the 'Cut-off' suggested, abuts on the bank 
St 3700 yards below the Northern edge of present caving ; 
lid, therefore, the centre of impact, the point of greatest 
effect, having already, in its steady progress down-stream, 
pisaed below the site of the assumed ' Cut-oflf for a distance 
Oi300 yards, we may reasonably conclude that, so far as the 
supposition of this ' Cutroff' is concerned, the period of maxi- 
■onm expectation — of greatest likelihood — is irrevocably passed. 
The heam that sustains the pressure of ten tons must be aup- 
poaed perfectly safe from fracture under a like pressure of 
"ine tons. In consideration of these general facts of the case, 
"•a inference is clearly opposed to the supposition of this 
'Cnt-off,' In order to examine the same question from 
Mother point of view, I will present an analysis of the evidence 
M to amount and rate of caving, furnished by gentlemen living. 
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OQ Uie groaad, M the several points along tlie line of this pro- 
greasi&g impact. Dr. OButt aUtes, tkut opposite bis bouse (^^ 
point above Mr. Daniel's bouse) tbe bank has caved 400 yards 
in 20 years ; btit at a less rapid rate for the last ten of those, 
than for the previous ten ; and for the last four of these latter 
tan, still more slowly. Mr. Wallace aDirms that the bank at 
the same point, has caved 100 yards for the Inst 7 years ; and 
as compared with the gross average of these seven, ' very 
little' for tbe last 2 years. At this place the bank has. 
C&ved : 

Wilbin Lho 1»st 20 yean, at the rate per jear of SO f ards : 
Wiibio ilie laat 10 fears, at a me per fear of irai than 20 yards: 
Within the last 7 jears, at ihe rale per jeacof 1*1 farda: 
Willim Ilie last 2 fars, at a late por jeai of very liuio. 

" Here, then, la a constant diminution of the effect — a dii 
ni.tion in direct accordance with the passing away of 1 
operating cause. Opposite Mr. Daniel's, (a point above thi 
BQggebted ' Cut-off') the bank has, on the authority of Dr. OffutI 
saved, in twenty years, five hundred yards ; the greater pi 
within the last ten years, while the caving for the last year 1 
been at a lower rate. Mr. Wallace's testimony as to this poin 
places the cavings at two hundred yards within the last aeveo 
y.virB ; but for tbe last two years, very httle. These evideo.; 
ixt< stand thus : 

Witiiin the last 20 years, at the rate per year of 35 yards ; 
■Within He last 10 yean, OTer 26 yards : 
Within the Inst 7 years, 28i yards: 
Wilh.Q the last 2 years, much less. 

* In this iHcrease of effect, up to a certain time, and dimim 
UcHi jf effect since that time, we obtain further evidence of th 
SonvJieru nji vement of the centre of impact. Twenty yeai 
ago, it had not reached so low down as Daniel's ; and, consi 
quently, di 1 uol then produce, at that point, its highest effect 
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but as It advanced, ita progress ia traced iu the higLer eS'ect 
of the lant ten jeara ; in the atill higher effect of the last seven 
years ; and, as it passed further South, its continaed progress 
in the diminished effect of the last two years. The point upon 
which the suggested ' Cut-ofT abuts upon the bauk has, accord- 
ing to Mr. Wallace, caved one hundred yards within the last 
seven years ; but for the last three years of these seven, at a 
lower rate : whereas, on the authority of the same gentleman, 
the bank, opposite Mr. Wilkerson's, (a point bdow the suggested 
* Cut-oil'') having caved three hundred yards within the last 
20 years, has maintained a higher rate of caving for the last 
ten. This point opposite Wilkeraon's, coincides with the pre- 
sent centre of impact, as inducted above, from the existing 
limits of effect upon the bank; and hence we may infer with 
lexical propriety, that the energy (as evinced in the effects) 
has been increasing at that point for years ; and being, now, 
at its highest, mnst from this, forward, steadily diminish, until it 
shall have, ultimately, passed altogether away. Below Wilker- 
son's, the testimony of Messrs. Oifutt, "Wallace, and Harris, 
flhowsan increasing energy in the increasing effect ; and, there- 
fore, as far as the irregularity of the outline, and the resistance 
of the soils will admit of a strictly exact result in such a case, 
dtmtmatrcUing the present centre of effect to be below the ' Cut- 
off,' leads irresistibly to the inference that the time to speak 
of the suggested 'Cut-off' as within the limits of probability, 
haa passed away. What the maximum impact failed to accom- 
plish cannot he expected from a minor impact ; nor is there any 
TrBgularity in the general outline of the bank to direct a 
special current against the debouch of the suggested ' Cat^jff ;' 
that outline, being in general a regular curve, may be held to 
receive, in the consequent uniformity of its resistance, an effect 
equally distributed. The rate of caving at the supposed ' Cut- 
off,' proves that the bank at that point is not inferior in cohe- 
sive strength, to that at any other point included in the 
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informfltion obtaioed in the case. Besides, the result euggested 
mast now, if it come at all, come from one side ; for the East- 
ern debonch of the ' Cut-oF has a making bank. If, then, the 
' CutofT is to result from its present rate of caving, it will not, 
unless under somo new and special combination of causes, occur 
for upwards of a century and ahidf. This supposes the centre 
of effect constant in its point of application ; but with the cen- 
tre traveling steadily to the Southward, the accomplishment of 
such a result must be deferred indefinitely. To sum up these 
remarks on the suggested ' Cut-off :' if the facts of the case do 
not positively establish that the ' Cut-off* will not be made, 
they go far to prove that such a supposition is entirely 
improbable." 

The Report still further sketches out the method of reason- 
ing, from the observed facts of " Making," and " Caving," io 
the following consideration of the question of increased shoal- 
ing at Gaines' La,nding : — 

" To meet your fourth question broadly, I must consider 
what other changes, as the supposition of the Cut-off must 
clearly be rejected, is most likely to take place in the Hiver 
between Ferguson's Point and Gaines' Landing. The align- 
ment of the River above the Railroad Terminus shows, as 
detailed above, a change of course, in a distance of three and 
a half-miles, of ninety degrees : in other words, the Mississippi 
River, curving from a point about three-quarters of a mile 
above the Railroad Terminus until it fronts the house of Mr. 
W. C. Campbell — a distance of three and a half miles — turns 
fully one-quarter round. To divert the whole volume of the 
Mississippi River so far from its direct course, implies the ex- 
penditure by the River of an immense energy on the resis) 
ance causing this divergence ; and hence may we understani 
in a general way, the amount of the force employed in opera- 
ting on the bank between Mr. Campbell's plantation and the 
site of the Railroad Terminus. The caving consequent on the 
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force BO exerted against the biinb between tlioee points, stands 

Fat present in its progress to the southward, as follows : It 
beginsatapoiut SOOyards below Mr. Campbell's ; and extend- 
ing down the River-bank to the head of Island No. 80, a point 
1200 jarda below the Railroad depot, the centre of impact (the 
point of greatest effect) being at the present time situated, 
therefore, upwards of 2700 yards higfier up-stream than the 
i Bailroad Terminus. The rate of effect at points along this 
' bank I am unable to say ; but the maximum effect having yet 
I to operate over a space of 2700 yards before it shall have 
I reached the Terminus, has yet, in obedience to an infallible law 
(.of the River, to come sweeping down with all its powers of 
change and destruction on what remains of Ferguson's Point. 
1 the march down-stream of the axis of current lies the cause 
bf any such change of channel as may be looked for between 
file Railroad Terminus and Gaines' Landing; When the cur- 
r^ent of the River first swept the Northern bank of Ferguson's 
, Point, the Southern bank of that point lay at the head of a line 
r slack-water. Island 80 resulted from this ; for the matter 
lat passes off in suspension under the impulse of a current of 
jt or 5 miles an hour, will be precipitated in currents of one 
■ two miles an hour. Now, however, Ferguson's Point has 
Been to a considerable extent carried away, within the last six 
Rears, to an extent, according to Col. B, Gaines and Mr. 
Beinhart, of eighty yards ; and as a consequence, the Island 
p)rmed under the shelter of that Point begins now to receive 
lihe shock of the river current." Observations and applies- 
Itions of the above description being employed as a guide in 
■the case of the location of Levees, the determination of 
those locations may be made with a proper regard to the most 
mportant considerations affecting their permanence. Ail 
Doints of the bank being thus examined under the light of the 
ipiroumstances affecting their permanence, the limits of per- 
btonence inferred therefrom, must be noted at intervals on the 
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plan ; and Ihe alignmijnt of the Levee being made to conform, 
the considerations proper to itself, the iocation must be lai 
down on tho plan within the restrictions of those limits o 
permanence. The lawa governing the alignment of wate 
embankments, like those governing the alignment of Kailrot 
tracka, point in the first instance to straight lines. The cour 
of motion, whether of solids or fluids, is naturally rectilinea 
As has been observed in the latter of the two foregoing ej 
tracts from the report of Mr. Hewson, the diversion of motioi 
from its original line to any other line, involves the expend 
ture of more or less mechanical eSect, In diverting a surfaoi 
layer of the Miasiasippi flood-water — that mass moving at th 
rate of some 6 miles an hour — from one course to another. 
can be readily understood that the expenditure of mechanioi 
effect is very great. In order, then, to discharge this unayoidl 
able force with the least possible danger to the Levee, it shoati 
(bo that it be distributed eqtioRy over a large apace) be dUt 
charged invariably over a curve. These few simple principle! 
point out clearly the rules governing Levee alignment- 
straight lines where such are practicable, and regular curvi 
■where they are not. Laying down this curvilinear rectilinei 
alignment in a manner as far as possible to accord with tl 
general lines of the river-currents, the Levee will be exposed 
at all its points to the hast ^possiUe shocks and washes. 
Umits of permanence laid down on the plan according to the 
considerations premised above, the lines of current controling 
the general direction of the alignment, that alignment — making; 
all its changes of direction over regular curves — may be laid 
down finjilly on the plan with the fullest faith in it as the loca* 
tion of greatest safety and greatest economy. Often, howeverj 
it will occur in reasoning on the considerations guiding in lay- 
ing down the Levee-route on the plan, that two or more routes 
may appear to possess equal merits. Laying down all these| 
routes nn the map, each must be made a subject of instrumap! 
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tation and estimation ; and always taking into consideration 
that the closer the alignment adheres to the limits of perma- 
nence the greater the amount of good to the public, the relative 
cost of the respective routes determining, finally, as to the one 
for adoption. So much then for the general considerations 
affecting location. Special considerations in reference to 
stretches of considerably heavy embankment, may apply — 
Buch, for instance, as ridges furnishing, fvithin the limits of 
perrnxmence^ an economical location for the Leveeing of a neck 
of swamp. These must in all such cases be examined carefully 
—first by the reconnoisance of a professional eye, and next, if 
found necessary, by instrumentation and estimation. So much 
then for the considerations applicable to location under the 
cramped action of the Mississippi Levee-laws. 
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High Water Mark, it baa been shown, cannot lie obtained j 
readily as is supposed by tlie populace. On the contrary, tM 
correct determination of the 0ood-line for fixing the height ^ 
a Levee, is a duty that invoLves, not only sound judgment a 
patient investigation ; but also careful and extensive instnj 
mentation. The location of a Levee, it has also been pointe 
out, is something more than a matter of off-hand expediencjl 
This duty of the Levee-system is at present — like the deten 
nation of the flood-line — assumed popularly to be fully v 
the knowledge and capacity o^ every man living on the 
of the river. The considerationB affecting the discharge i 
fiuch a task have, however, "been shown already to be too i 
tricate, too extensive, too delicate, to be grouped and combinei 
into correct results by even men of fair standing amongst thi 
members of the profession as Field Engineers, Location, witl 
the commonest pretensions to care and science, requires, as bal 
been indicated in the remarks on that bead, as a first necessitjs 
a full careful survey, an exact and spe<nal map. The first dutjj 
then of an improved system of Leveeing should be the prepE^ 
iilion of maps and profiles — the surveys for those maps b 
profiles to be extended from end to end of those sections c 
I'ountry referred to hereafter aa Drainage Districts. TheBf 
surveys can be directed only by a mind quick in observatic^ 
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Id ingenioua in inference — this quicknesB and ingenuityguided 

f a familiarity with flaid-moUon und river phenomena. They 

poold show by actti»l offset-chaiQing the line of bank ; and by 

Ifarefiil aketching, all "makes," "bars," and currents. These 

bstrumentatious should bring out all the facts of cavings, so 

! to furnish to the mapper the penetration, progress, and 

rstage of each cave. All facta of possible or probable influence 

oa iha objects of the survey — such for instance as the facts of 

Moon Lake in Uississippi, of Old Town Lake in Arkansas, ol 

Suyou Atchafalya in Louisiana, their position, form, level, 

flow, &c. Ac — ought to be carefully ascertained and connected 

''itli tlie great body of tho facts of the District survey. Every 

foot of survey, whether of experimental lines along ridges, 

Across swamps, or any where else, within a Drainage Diatriot, 

*hou!d be laid down regularly when completed and connected 

™itfa the general survey on the plans and profiles of that Dis- 

"ict. These plans should consist of two sets ; one set on a 

^cale as large as practicable for a map of convenient eixe, 

showing the ground along the whole front of iia whole District. 

■"iTided into squares by light lines across its face, this map 

^hould be made au index map by numbers set on each square 

■||^ shown, to the several sheets of the second set of maps — u 

^^Kbt made to a sufficiently large scale to embody all the minntia; 

^^pecessary for practical purposea. These enlarged working- 

* ^lans, amongst the other particulars referred to as guides in 

location, should show the site and title of all survey -station 6, 

s site and number of all Bench Marks, the elevations of the 

lench Marks recorded duly by transfer from the District pro- 

The first exact and minute survey of a Drainage District 

Eected by a special staff, the constant staff required for the 

pDgineering direction of the District-works, should spend all the 

tare time from construction-duties, in keeping up, by survey, 

inected record3,on the working plans, of all changes of" bars," 

bcreases of " makes," shiftings of currents, penetrations and pro- j 
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greBsioDB of" caves." Theee facts ascertained and laid dovj 
on the planB, year after year, tlie continuity of the records 
the whole river will, after a time, enable a Levee-administratio 
to reduce to something like scientific exactness, every consid 
eration affecting the perfect practical efficiency of their moa 
important duties. 

The maps described here havfl been deduced as necessitit 
iif location from the circumatances affecting it on biU one i 
of the river. But it has already been shadowed out in ■ 
remark on that subject, that the location of a work on i 
side cannot be made with complele care without the esact cob 
pariaon with the location on the side opposite. The practi« 
difficulties referred to, under the head of High Water Marl 
also suggest the comparison of levels oo one side of the rive' 
with levels on the other side. But the necessity arising froi 
these considerations is indicated still more forcibly froj 
another point of view. The remarks offered on location sho^ 
the necessity of avoiding all causes of excessive pressures, 
shocks upon river-embankments. The currents treated wit 
disregard, and the lines of least resistance duly observed, i 
location of a Levee, the conditions of location in reference t 
shocks are fuliymet, so far as the considerations affecting then 
on that particular side of the river. But let it be assumed thi 
the Levees up-atream have, on both sides of the river, a conau 
erable breadth of fore-shore 5 while at the point of this locaU, 
judicious location, the Levee on both sides happen to have fo 
their fore-shore, each but a narrow strip. The width fron 
Levee to Levee, across the river, may thus happen, up-streaoi 
to be large, while below — at the point of the lovaUy good loa 
tion — the width across the river from Levee to Levee j 
happen to be comparatively narrow. This sudden contractio 
of the ilood-dow will throw an increased shock of current 
the Levees at the point of that cou traction; and thus do4 
the location of a Levee on one side, without due regard to tha 
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of the Levee on the other side, involve Bome of those avoidable 
contingencies of breaching the embankments which judicious 
location undertakes to guard against. Proper location, then, 
notwithatanding conformity with all considerationB of " caye," 
carrent, and iilignment, on one side of the river, cannot be made 
withoat comparing the location based on all these, with the 
location on the other side. The narrowest width of the river- 
flow, in the natural state, is said, in the late able pamphlet of 
Col, Alcorn, to be opposite Randolph, in Tennessee. A bluEf 
at one side and a high bank on the other side, it appears that 
at that place the floods of the Mississippi pass off, withont any 
particular increase of current, or wear of the bank, vnthin a 
mdth of 2,000 yards. A proper survey of the river might pro- 
liably throw further and more correct light on this particular 
f*ct; hut whether Randolph be, or be not the site, and, 
whether 2,000 yards be, or be not the width, of the narrowest 
natural channel of flood-water, some site and some width 
mewering those conditions ought to be ascertained for fixing the 
f^Mig width of water-way between the lines of river-embank- 
ment. This ruling width determined in reference to the 
"idth, section, and current of several "narrows" in the flood- 
™w, the proper location of Levees on either side of the river, 
Kquiring that the flood-width be never lower than the stand- 
&rd,8Qch a location on one side can be made only ^aW-pifi«u with 
the corresponding location on the other side. An inter-littoral 
ttitvey is seen thus to be a necessity of economic and perm«- 
Mnt location. This survey connecting District surveys across 
tile river, does not require absolutely to be one of detaiL In- 
tsroiediate Islands should certainly be embraced in it ; but in 
COBBideration of the cost of such an extension of labor, it is, 
perhaps, better (for some time at least) to omit soundings. A 
^Kletfln Trigonometrical survey, then, connecting stations in 
local surveys on both shores, and on intervening islands, is all 
that is absolutely necessary in addition to the surveys already 
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describod for completing the euquiriea and records neceass 
to a perfectly correct and economic system of Levee- 
tratiun. The triangolatJon neceseary for this survey, shod 
be carried out with a view to fixing each station under I 
eadorsemont of one or more checks ; but due regard to 1 
paid, in all cases, to the regularity of the shape of the triangid 
and to the including in each station-book on the field, of e 
of the stations that may be possibly combined in any od 
triangle. The correction of bases, the adjustment, in estini 
tion, of spherical excess, Ac, are details that, in addition to ^ 
the care suggested for the field, are highly necessary in carq 
ing a base line of some 2000 or 3000 yards, with all the corrd 
tions of even several intermediate checks, through a series J 
some eight or ten hundred triangles. The triangulatiGJ 
however, " poled out," the angles taken, the base m 
and the calculations made, the Diatric^survey8 may be carrid 
out in detail as described, connecting regularly with 
stations of the tri angulation. The diagram of the trigonom 
rical points having been laid down, the filling in of I 
diagram, on each aide, with the details of each local surv&j| 
will not only guarantee an accuracy otltertoise unobtainaMe in ti 
local survey, but will also present a perfect connection of th^3 
facta on bath sides of the river. This connecting survey will^l 
in the first place, by doubling the dala, lead to reliable iofecl 
ences in all cases as to the height of High Water Mark — will^ 
by embracing in exact detail the facta of all the " nairowB,'''! 
limiting the width of flood-flow, lead to correct deductions ( 
to the " ruling" width proper in the case of opposite Levees j' 
and by representing the relative position of Leveo-alignmeot i 
on each side of the stream, point to those modificationa o»^ 
changes of site that may be necessary for conformity with ths] 
conditions of efficiency and permanence. 
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CHAPTER VIII. 



ADHINISTBATION. 



' The subjects of flood-line, location and aurvey involve necee- 
itiea at evident conflict with the present system of Levee- 

rielation. In Arkansas and in Louisiana the administration 
i the drain Hge-inte rests are in the charge of the State ; in Mis- 

sippi, in Tennessee, and in Miesouri, the charge of those 
ntereBts ia parcelled out among the River-co unties. In all these 

i * Thfl opiniona puL forth here are fonnd to be strikingly coincident with Ihoaa 

Ktbe Chief GommiKsionsr of the Levees of Mi^siesippi. His Baport for tS5S, lo 

I Legislature of that State^ has juat beoo brought under the notice of 

r of this, and prBseiita an opportonitj for tho endorsement of the views 

m nuder the abore head, aa in tho following cilract from that Report by so well- 

d and gndicious an observer : 

." nie practical results of the law placing the direction of the Leree within ths 

'e limits of each County on the river, in the liandg of a Board conHtJtul«d on 

^principle of local representaljon, have been, so far aa thoae results have fallen 

IT my otiservation, decidedly unfavorable lo the law. The act sobstituting a sin- 

■ CominisfliouBr for these Boards of Commisaioneni in Tunica and Coahoiua, 

^worked, Id my opinion, much mors advantageonaly lo the interests of Che 



"This individual mauagement is, in truth, in more close conformity witli the phy- 
>] principle that should direct legislation in thin great practical work. No mere 
uueipal line can divide an interest which is declared one and indivisible bj the 
V that rolls out the floods of the Mississippi in an unbroken whole. In 
lit only principle, but also in practice, do I And reason to recommend this system 
^indiridual control in the deaign and coustruclion of our Levee. It went itlta 
n the County of (Juahocjia two yeara atjii. receivinil from the previous m- 
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caees the logidlution is hijudiciuus in its working — in Arkai 
and Louisiana leas so, however, than iu Teiineaaee, Missouri, { 
Mississippi. The latter States preaeoting the extreoie f 
objection to non-coni'ormity of Levee-la » with Levoe-reqii 
inont, the following remarks on points of this non-conformity-B 
confined to the legislation of those States, The experience t! 
has lead to the preparation of these roinarka, has been acquired 
in Arkansas, and in Mississippi ; and as. the latter is one of the 



gime, tbe legacy of a niuted resoarce, an exlitiusted breasury, an unsettled Indebt- 
ednesa, an imperfect recurd, Rn inaulficient and incomplete Leree, and lasl, but 
worblafall, an olmotit total wreck of public cui]&deQC» ia Itay muuicipal adminiS' 
trntion. But wliat now, io Lwu sbort years, ia ihe coodition of those oUkira 1 Tbougll. 
I discuss a piiuciple otily in ibia esse, it ih not for me to answer, nor in my anawer 
necessary when the answer baa been already given in ganaral tanna by tie County. 
This principle of individual mauagenient in carrying out our LeToe bas, in a direct 
issue with Uie principle of divided raonagement, been endorsed empbalically by the 
intelligent people of Coalioma. Aware llial the unity of the Lavee could not be 
broken by municipal divisions, I bod the honor \a bring forward, two years ago, the 
existing law, giving a general jurisdiction over the Leieo to the 'Superior Board of 
Levee Commissioners.' The working results of this law bare fallen short of the 
physical principle which was 80[.ght, lo be reached by it. The Intere't of the river 
Counties is in truth such a perfect unit in reference to the Levee, more or less diffi- 
culty will always be found in carrying out Bo abaolut« a unity, under even Uio 
strongest organization of independent jurisdicLion. A breach in the Levee at the 
upper end of Issaquena County, would, iu tlie event of overflow through that breach, 
cauae the destruction of properly in the County of ffashinglon by back-watsr. An 
overflow through the Levee at Lheiower line of Bolivar County, while it may do very lit- 
tle damage in Bolivar, ma; spread out one great sheet over the length and breadth of 
Washington County. In Tunica, an acUve caving of the river bank has already ad- 
vanced within Slime flfly yards of the Levee, and still advancing, Ibe next Quod iu 
tbe Mississippi will, in all probability, break in an immenHe volume into Eagle Lake. 
Now, to the greater portion of the people of Tunica, this result ia a matter of com- 
paralive indifference — whereas the outfall from Eagle Lake, being Southwardly and 
Westwardly, such a result will spread devastation far and wide in Coahoma; so the 
construction of the Levee in the Southern border of De Soto, ia a matter to the peo- 
ple of that County of cotnjiarative iiidifft?rence — the majority iutarest is already pro- 
vided for — tlie Levee ia left open, and lie coimlry South of them becomes the suf- 
ferer, Tiie local a'iministration is tbe supreme [lOWer over thai fmrtinn of the river 
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taWs whose Lovoo-lo^rislafion iJlustrates it,a conflict with 
■BWe-expedieiiCBd most I'ortibly, it is therefore selected here 
piDustrfltethat fact bj examples mainly special to itself. The 
■tOBciasiouB, however, though drawn to aoine extent for special 
instencea, are genural in their application — to those States where 
Levee-administration is distended to the extent of a whole 
Skte, and also to those where it is narrowed' down to the limits 
of a County. 
Drainage-legislation is based on error in limiting the admin- 

vMliiii Uie limila of De Soto. Tunica has not tbe prot«ctioii of a representation of 
. IteeomiDOQ inlereat nhich U bound up in Ibe Levee an iodiviaibld imiL Again, 
lie leveeing of those h(^s of Buuflimer wbich trsverBe Lewis' Swamp, in tho 
Count; of Coaiiomft, is a. work of secondary concern to tbe great nu^orit; of tlie peo- 
ple of diat County, but tbnugb iritnateil within a jurisdiction regarding it with com- 
l«nUlTe indifference, this pRrt of the Levoe is of much deeper importance to tb^ 
ir portion of Bolivar, tban any like distance of low bank on her own tronl. 
Ue Cuahomu re(|uired outlays at other points of mucb more n^gG^l^y to her safe- 
^, her reBDurces bava naturaliy been employed at those points to the consequent 
njnryof an immenae amouDt of propeily in a neighboring jurisdictioQ. 

"lodoed, such has be«n the interest felt in Eolivar In regard to this Levee, that 
MneuUsI citizens of thut County, had offered, in addition to the only resom-cea 
irUcb Coahoma could agree to apply to that purpose, to pay a large bonus to any 
Wttradors, who would bind tbetuaelves in a contract with Coahoma, to Levee 
l«*is' Swamp. But, if a flood shall base risen hefore this swamp is Leveed, undei 
Ih present slate of affairs, how bitterly will the people of Bolivar regret, that whilo 
I'slooil tntereats in (ho Levee have been provided for by an authority nnd an ad- 
""WnTalion, there la no head, no strong individuality of general management, to 
'^I'esent the strong individuality of general intarcat. Wiae legialation on piaotical 
■■^TOvementa must always conform tophyacal laws. A general controlling authority 
h necessary also in this point of view, to repreaeut the great and wide coDsideralions 
JBijlYBd in the intelligent deaign, and tbe straightforward independence, required 
tatheraithfnl execution of that design, from end to end of that great physical trnit, 
1* Lovee of the MiBaissippi and Yazoo bottom. From tho commencement of the 
tjnmn, I have sought to convince the Levee interest of the necessity of this indind- 
UUty^ thus far my efforts have been unavailing. Ttie plan of operation is one that 
I hiTe never approved. I have been driven to its support for the reason, that nc 
itlier plan could be suggested '^hlch could command the united support of the in- 
to involved," 
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iBtratiou under it by arlntrarj- lines. In Sbelbj County, Tea 
oeasee, the proper adtaiDititration of the Levees is not plu 
under the guarantee of any considerable interest. Some eijl 
or ten thousand acres of swamp subject to the overflowgl 
Nonconnah Crock and Horn Lake must always constitute I 
insufEcient interest for the enforcement of an independe 
administrator of the Drainage-works of that area in the a 
structioD, protection, and maintenance of the Levees under ^ 
control — Levees extending to a length of some 15 miles, 
deed a question presents itself this moment as to whetH 
within the section referred to, there esiats a single plantati4 
there resides permanently even a solitary squatter. The fee 
is, the Leveeing of the tract in question cannot, in all likeli- 
hood, be said under existing legislation to be the buHiuess of 
any one ; but even if it be the business of anyone, the area to 
bo enclosed does not present, in all probability, the ways and 
means for raising — does not in short present a sufEcient induce- 
ment to justify — the considerable expenditure required for its 
embankment — a sum that cannot be less than some $30,000. 
And yet, if this part of the bottom be left unenclosed, the whole 
Levee from the Tennessee line to the Yazoo, can be saved from 
utter uselessnesa for the drainage of the Valley but by a spedal 
work pressing on the limited resources of the Levee-in teresl a in 
De Soto I If a physical facility have not brought this special em- 
bankment within the limits of the ability of De Soto, the inun- 
dations from Horn Lake will ignore the hamperings of Ten- 
nessee and Mississippi legislation by forcing combined action c/ 
all the wunties between the Nonconnah and the Yazoo, in the 
construction, protection, and maintenance, of either a general 
Luvco from the Tennessee line to the Nonconnah hills, or of a 
Dpooial embankment in De Soto County from the existing 
Ktvtii'-lioveo to the Coldwater high lands. But Instances of the 
Wd udiiplution of the present law are numerous. In Tunica 
0«i>tlt1>'< Mi»i>iB8ippi, the Commissioner is charged with several 
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^of the drainage oi' Coehoma, Sunflower, Tallahatchee — that 

luck Island Bayou, thitt at Conple-Timber Bayou Ac. These, 

fever, it may be said are Keys aJao to the Drainage of 

a itself; and, therefore, are their safe-keeping placed in 

uids of the local Coraoiisaionera under some guarantee. 

liua, however, is charged with another Key to the Drainage 

poahoma. Sunflower, and Tallahatchee — the Levee immedi- 

y covering the plantations on the North shore of Moon Lake. 

Blatter Levee protects little or none of the settlements m 

a ; whereas the flood-water rushing through a crevasse 

fein sweeping southwardly across Moon Lake and the Yazoo, 

|t inandate the fields and homesteads of Tallahatchee, Sun- 

per, and Coahoma. Want of interest in its construction, want 

ids to pay for that construction, demands on their treasury 

lattention at points of concern to tkemsdves, may lead the 

pie of Tunica at any moment to regard this Key to the ■ 

inage of Coahoma and its adjoining counties, with a very 

Bral, and indeed quite excusable neglect. The most vital 

I, then, of Coahoma, Sunflower, and Tallahatchee, are 

id, by the system of County-jurisdiction in Leveeing, 

•d the cmitrol of these counties — placed in the hands of parties 

n can afford without loss, to regard the protection of those 

pests with indifference. A tax to be collected from tkem- 

r the construction or repair of the Levee covering Moon 

—protecting Coahoma — would, naturally enough, be not 

1 probably without some eS'ort amongst the people of 

Kca. But the lower Counties show the working of the 

Q of local-jurisdiction in still more objectionable lights. 

•ahoma County there may be said to be no settlement 

h of Lewis' Swamp. The Coahoma people, as a body, care 

f httle therefore, about the Leveeing of Lewis' Swamp ; 

fcreas, the floods breaking through that swamp, may at any 

p after the failure of its Levee, inundate at even ordinary 

lands and homes of BoHvar and Sunflower, unless 



lis 



PBlIfCrPtES AKD PBACTICB OP 



Lovee-jarisdiction be regulated by some limits more pt-oi 
in tbeir opcrutioD than those of arbitrary linos. The hampn 
workings of Levoe-legiBlation (ire tbus Been by a few illaafl 
tions to be unjust and uiiBafe for the whole Valley of the YazM 
fur De Soto, for Tuuica, for Coahoma, for Bolivar, for SunfloiM 
for Taltahatchee, and (the contingencies of local indifTerea 
local urgenciea, and local tiixation, accumulating unfavorable 
the testing of tbie legislation is carried down-stream) the ii 
lice and unsafcty is still greater in Washington than in Bolin 
and as compared with Washington is stLll greater in Isaaquq 
But what is the remedy for the evils of the present syei 
of Levee-government? An extension of Lovee-juriadicla 
according to certain physical proprieties. Working necessito 
point clearly to the removal of the existing limits on the S 
ministration, in tbe State' of Mississippi, of river embd 
ments. The location considerations referred to above, opeii 
in full force, whether or not tbo ground lie one-half in WsJ 
ington, tbe other half in Issaquena. In locations bo circq 
stanced tbe surveys to be m ado must be common to both coujti 
Tbe flood-level too, is asabjectof inquiry that, as shown aboa 
cannot be cut short by a mere legislative fiction ; and, h« 
again, is another point in which the practical duties of Le^ 
administration ignore the system of imaginary limits to Leva 
jurisdiction. Other considerations point still more forcibly^ 
tbe necessity of seeking some new boundaries for the lim 
tiona proper to that jurisdiction. Bolivar's voice and Sunft 
er's voice in the appointment of tbe Commissioner directinj 
the Levees of Coahoma, will guarantee the construction, 
protection, and maintenance, of a Levee across Letris' Swamp, ■ 
quite as soon and quite aa surely, as that across tbe Yazoo 
Pass, or at any other point in Coahoma. So also as between 
Coahoma and Tunica : * give Coahoma, Tallahatchee, Sun- 



• The joint interest of coDlerminouB counties in tl 
their TBspoctiTe Levees and In the maklDg anil skill c 
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>wer, voiea in the eleclioiiof the administrator of Levees in 
Tanica i and Coalioma, TiiUaiiatchee, Sunflower, will assuredly 
thereafter saved from the dangers, the, perliapa, ruinous in- 
Terence that, under the present law, may at any moment 
iQundate their henrths and fields by overfiowa discharged upon 
them in desolating volumes through Moon Xiake. But what 
distribution of juriadiction will conform beat to the practical 
and social considerations entering into Levee-adminiatration ? 
From Cape Girardeau in Missouri, where the highlands abut 
upon ihe river, to the mouth of the St. Francis in Arkansas, 
where the back-drainage of the intervening country must bo 
fliacharged, defines a Levee-district, which, bound togothor by 
a Community of interest, is for all the purposes of proper 
I*vee-administration, an absolute nnity. From Sterling in 
Afkanaas, at the mouth of the St. Francis, where the Levee 
rests on the slopes of Crowley's Ridge, to the mouth of White 
K'ver. where the back-drainage of the intervening country 
*ii8charge3, is also, so far as the Miasiasippi Levees are concern- 
^«i a unit in Levee-interest ; and, therefore, should be a unit 
pointed oMl by infereniie in tlie followiDg remarks of Jud^e HardaiuRii, u Leiee- 
'-"WiBjissiozier lo Tunica County : " The object of making this survey was, with 
"'* then indication of tliB active caving of Ibo bank of tho River at the Sotttheni 
P**^ of Trotter's Field, toaHcerlaiu whether for tiie protection of the back-couatry, 
"^ VVQuld ba compelled lo Levee around Eagle Lake. " * The indication of caea, 
•» nhich may save this county and CWioTsa a consideralile amount of money, Slc. 
"*« questiun, however, an to whether we go iround Eagle Lake ought to be delcr- 
""tted bj concert of action between the Levee Commisaioners of Tunica and 
''***'tionia, as they may decide aa lo the best intereala of the two counties ; for, as 
™''«Te remarkEd, there is s common interest of the two counties in arecting a 
™*ee acroBS the Pass, &c." Report for 1856, page 5. Tliis eitract apecifiea an 
^^^Jlca in which the location of a Levee in one Levee-juriadictioa is held to iniolve 
' *Oa« or a gain of a " considerable amount" of money lo the tax-payers of another 
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ilance in which the c 
junsdiction ia conHidered to be a queetlon of drainage within 
*'*'*ther iurisdiction. And the partioa thus concerned, in the one case in their 
P'*<4ett and in the other caae in tlieir proi>erty, to l>e deprived of all influence in 
"^fcing thnt location, or in eipcditing that ci 
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ID LeTee-admiDiatrBtion. From Pine Bluff, the nearest esca 
meat to the Uississippi of the Arkansas Uplands, tothemon 
of Red River in Louisiana — the ontlet of the rain-shed of ^ 
ioterveniug bottom lands — the communilj of interest in q 
inclosing Levee is so indissolable that the proper admiDistrsUf 
of that Levee over-riding all imaginary boundaries — whetu 
of County or of State — mast, in furtherance of sound pola 
and capable management, be centered of necessity in one aj 
the same intelligence. Oa the Eastern bank it has alrea 
been indicated snfBciently plainly, that the Levee-interesta fr 
the base of the hills below Memphis in Tennessee to the mo^ 
of the Yazoo River — the debouch-channel of the back-draii 
of the included area — is so thoroughly identical in its drs 
affairs — aocially and practically — that the administration ■ 
those affairs within that area has been described by Col. Alcd 
most correctly, as " one and indivisible." The natural — ii 
social and the working — definitions of the remaining jurisdip 
tions in Louisiana and in Mississippi, may, with the viawt^' 
presented above, be determined by those acquainted witl» 
the physics of those sections ; and so also of the jurisdio — 
tions in Tennessee, Missouri and Illinois. The limits as- 
signed the districts defined here are, it ought to be 
observed, those on their Mississippi front, the limits on 
their inland side, in each case being located as hereafter 
indicated on such lines as may be necessary for the equal dis- 
tribution of Levee taxation. Sufficient, however, has been 
said here to show that physical considerations applied socially 
and practically, while ignoring the existing UmOs to Levee-ad- 
ministration, describe plainly certain limits demanded for its 
efficiency. * 

* Some four yam ago llio grounda takenheve were taheo by Col. Alcom, gee DOte 
to page 121, in urffing the conaolidatioa of Le»ee-gorcniraeDt in his Report M 
thairmttD of the Superior Board of LBveo-Comraiaaionera, to Oie Iheo Legiaiftttu* cd 
Miasis-iijipi. I'ho e-semial unity of Leree-maimgemeiil was suggeaied BubsequenUj 
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Uiuty of intereBt can be served truly by only admiuiHtrative 

nnity. Each Drainage Dwirict tlien (as the united areas referred 

to above may be termed,) ought to be placed under a single 

idaiiniatrator. One Commisaioner should be charged with 

the direction of drainage embankmentB from Cape Girardeau 

to the mouth of the St. Francis ; one from the motith of the St. 

Francis to that of Arkansas River ; another from Pine Bluff to 

the month of Red River. On the opposite side a single Commis- 

jkiner should be charged with the cantrol of the Levee-in tereata 

^hm the Nonconnab to the debouch of the Yazoo. But while 

^fi social and the practical consideralions in the case conspire 

^BUge Bard^maD, LeTea-Commiasioner of TuuiCA in his report Tor 1856, to bis fellow 
^■^BiinlooerB, MesBrs. E. B. Bridura and J. A, Cole, in Llie fuUowiug judicious rfr- 
^bi: >' The propriety of IhiB repeal may be & qUealion of doubtful poticj, as it 
^Htbe BppareDt to joa \Jbat a eommoH intemt in the Lrrcet frentins ail Iht countiti 
^Bb Jfunu^i Rivrr from Horn Lake to Ihe mouth of Tnoo Biter ought to be ap- 
^Bfated by all laod-holders within that Delta fonnod by Coldwat«r, Tallitbatcheo, 
^HFumo Rivera, to iu entrance with the Mississippi, a disIaDRs of 3G0 miles, em- 
^HKlig k part of tba Couuty of D<3 Soto, all of Tuoica, Coalioma, BoIiTar, Waahing- 
^KllttqDelui, Sonflower, and part of llie counties of Warren, Taxoo, TallabBtchea, 
^HFtaola. * • • Tunica County tax-payers od lands bordering on Cold- 
^Bv, SM as nmcfa interested in the Leveeing around Horn Lake, De Soto Conoly, 
^Kejuelu the Levee of their owu County fronting the Mississippi River; also 
^Bluid-owiien bordering on the Misiiiesippi Kiver and Coldwaler are equally intar- 
^■d in LevBoitig the Yiuoo Pass in Coabonu, as the water iu making its way 
^■togh tbe Pass backs up tbrougb Moon Lake, <SirC,, to [be town uf Austiu and its viciu- 
^B The question may be well asked : eon thii common intertit in thiLeeeesm the rictr 
^^MMtden without conetrt of actim, ^." Mussrs. Hardotoon, Bridges, and Cole, are 
^^BHnen of intelligence, of practical acquaioCance with the working of tbo Levee 
^HNd ; and, as SQch, their testimony to the fact of Levee-onity, so far as it i^oos, is 
^B^mluftble. Tbe reraarka in the above extract poiut to tbe restoration of the 
^^■rior Board of Commissioners as fullilling all the suggeatioos of Levee-concert ; 
^Kloose and scattered in its parts, the actioo of that Board has already boon found 
^Bb utterly inefficient Some other form of government, therefore, moat be in- 
^Bted 10 meet the univA-mUy aeaplid feet of Levee-unity ; and the form of a gen- 
^^KSoard having been tried and found wanting, tbe neceBsitJes of the moment 
^^k lo the otily practical — indeed the only untried — form reioaiuiog. that of admin- 
^BiTe bidiviiinality. 
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to deliue the working liiuitsof District Levee-jurisdiotioQS, t 
practical conside rations puiol to a cuiiclusiou stiU in advance o^ 
existing systems. Tlie working expediences involved in capabl&- 
admin is t ration of Levee -drain age are not couHned to one side o^ 
the Mississippi. Tbe comparison of HigL Water dataobtainabl*- 
on tlie East bank with that obtainable on the West bank, . 
been referred to as an expodicncy in determining the quest! 
of High Water Mark. This comparison, then, indicates the^ 
tension of District-admiuistTation to an administration of wi^ 
Bcope and more general duties. The necessity of full 1 
ledge of the location-facts on the opposite side, and of cerb 
accord between the locations on both sides, is another instar 
under a system of District-management of a commingling tl 
leads plainly to a further widening of administrative coma 
nity. A fusion of District units is an expediency on th« 
grounds; and therefore, on the further ground that, only' 
suuh a fusion can the Levee -into rest of the great Valley o 
Mississippi receive the first great contribution, the prii 
essential, of a broad, capable administration — a full, correct a 
connected set of working maps. The scientihc and practid 
conditions of the drainage of the Valley by Levees requii 
therefore, that the administration of each Drainage District 
the full extent of its nutural limits, be placed in the hands 
an individual Commissioner; and further require that the admi 
istration of all joint-duties of the Drainage Districts on ba 
Bides of the river, be placed in the hands of those individti 
Commissioners assembled in gejieral Board or CouncU. Legi 
lation based on the system of administration sketched 01 
Lore, is clearly the only one adapted to the direction of thos 
important works under the lights of scientific principle, t 
practical forethought, of sound economy. 

Great difficulties, however, obstruct the effective workin 
of proper machinery for the mauagemeit of Mississippi Levee 
Tbe popular inteUigence holding the purse-strings of tbe systei 
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^Hdoes Dol, in some cases, go to tlie exteut of recogniaiiig itt 
^HLeveeing, aoy skill beyond that of its own crude obBervution. 
^H)t aometimea comojits the mietake of ignoring the existence of 
^HKDtreB of special knowledge, whether in Medicine or in Engi- 

^^heeriag. Col. Alcoro has beun constantly hampered in his 
^BCominission by this condition of public opinion. "Such," ha 
^^Hfs, inhis lust pamphlet, "is the disposition to economise, 
^Hiiat complaints are made should the Commissioner employ an 
^Hhgineer at a salary of fifteen hundred a year ! The subject 
^Hinat be elevated above this, or decent men will cease to be 
^HeoDected with it." Laughable as such difficulties to proper 
^Bflnunistration as those indicated in this extract may appear, 
^Mtey present in practice serious embarrassment to intelligent 
^Rnd vigorous administration.* His intelligence, his personal 

^H 'One of the embarrassnieuM u> the Levee-reformer, remaimog as ri consequence 
^KvUn former employment of noD-professlonilt men tor Engineeriag Lereea, preaeoti 
^BvMlf m tbe want of faith amongst even intelligent Planters of tbe Valley, in the 
^BiU] ind independence of tbe profesaional Engiiioer. Idecliiied widely and hvor- 
^EWl;, u bas been the name of Mr. M. Butt Uowson, witb the leading mea^uraa of 
^^ftUic improvement in the Soul:li-West, for aersral yeare — known, aa it la, honorably 
^Kb Ihe professional Engineer, aud tbe Boilroad public generally, fiom New York to 
^Hlm Orleans — the Cbuinuan of the Board of Levee-Commbsionen for the Slalo of 
^BbBsaippi, vaa obliged, in 1855, to go into the defence hinted at in the following 
^Bttirktftom his Report of that year; — "The Messrs. Howsod, both M. Butt, tho 
^HBt, and William, the younger, are Civil Engineer by profeesion — have been 
^Hftooled to the Hcionce — have, by competent men, been heretofore employed 
^Hacting toroe of the moet important public works of tbe South. Their labors have 
^Hlnd the ordeal of severe criticism; their competence has not been disputed by 
^^Me qnaliSed lo judge. I cannot be required to stop and argue questions with 
^^B who oppose their calculations — -who urge in opposition thereto, tbe Ggures of 
^^H who have emerged suddenly from the walks of private life, for convenience 
^^Be, to the dignity of Civil Engineers." Sonnd economy demands the employment 
^^BIm Tery best men for the popular and for the professional duUes of the Levee ; 
^Bd these once employed, administi-ative vi°or deioanda that tbey be treated with 
the fullest confidence. Dfaparageincut of the parties entrusted with Ihoae important 
dntied, will merely wei^en tbeir bands, diminish thnir efflcitincy; and oagbt lo be, 
^Anrafore, frowned down by the intelligent and iudiiwos, ddIpsii. when bued ob 
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pride, his honest conviction, and hia whole property at Btat^ij 
on ihe BQccesB of the Levees, an advauced man like the Com^ — 
raiasioner for Coahoma ought not to he met, after the experi- 
ence of the pnblic in those worka for fully seven years, with 
narrow and ailly objections to hia employment of an Engineer. 
Simple aa the operation of shovelling and loosening earth 
undoubtedly is, the public in the Yazoo Valley, have not yot 
realized the fact, that even that simple operation is an import- 
ant Bubject of practical science. Millions of dollars — national 
wealth, and national advancement — at state on the shovelling, 
loosening, and hauling of earth, many of the tax-payers behind 
the Levee have yet to learn, or to value, the fact that even thia 
item in Leveeing, taken from the blind guidance of the rude 
and wasteful suggestiona of uninformed laborers, has been 
placed under the infallible guidance of economic inductions 
incorporated into a few practical laws. Leveeing, in fact, is i^^ 
every particular an art. It requires more scientific fild^H 
patient reflection, careful instrumentation, and, perhapa, ev^^| 
more practical knowledge of earth-worka and foundations, ths^H 
is required in the Engineering of nine out of ten of the Ital^| 
roads of the country. Besides that, the Engineer entering O^H 
euch duties, takea the poaition in his profession on thia Gon^^| 
nent, of the pioneer of a new set of worht, the classifier of a ne1^| 
set of circumstances, the observer of a new set of phenomena j^| 
and consequently, to be professionally — that ia to say, econom^l 
ically — successful as such pioneer, classifier, observer, must b^^f 
guided from the outset by all the lighta of the practice d^| 
water-works and of the acience of fluids. Railroad Engineering^ 
is a beaten track. Uniform In almost all its details, thatdepart^| 
ment of the profession involves, for the greater part, but w^^ 
mere knowledge of routine rules. Routine practice, then, wifl^l 
constitute but a very poor qualification for a poaition, thatli^^H 

□iiiuistakable groundB that may be followed up Ui summnry di!im]>i9a1. Ko UO^^H 
tnac should be retained; no &l ms.si aliould be— fur the prumotion of soma pet^^H 
interest — damaged id his eUicieucf . ^^H 
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I Leveeing, must make for Usdf its oton rides (f practice — mlea 
I that cttunot be made by ever so thorough a knowledge of 
I mere routine, unaccompanied by a knowledge of the principles 
I of practical and scientific Engineering. Thoughtful intelligeoce, 
I then, appreciating the serious interests at stake in the effici- 
I ency of the Levees, instead of carping at the placing of the 
I processioned duties of the Levee-Bystem in the hands of a regu- 
I larly trained Engineer, in conjunction with the moat able, 
I enlightened, and honeat man to be found for discharging 
I the popular duties of the system, would rather have suggested 
I its serious apprehension that his acceptance of a salary sn 
I small as $1500, place in a doubtful light the professional fit- 
I ness of the Engineer charged with duties so delicate and 
I responsible. The terrible lesson of the flood juat subsiding, 
I will, however, force the property and the purpose of the 
1 great Valley to action — action guided by all the lights of the 
1 broadest and most liberal intelligence. It is, therefore, hoped 
w that, in order to sustain this expected action, some steps be 
I set on foot for freeing Levee-administration from the popu- 
I lar drawbacks upon its efficiency, by either raising it as far 
K as is practicable above local restrairUs, or, failing in that, by 
I eDabling the popular intelligence controlling the whole avB- 
I tem, to keep pace with the growth of the importance of 
I that Bystera. * 

I * The TJewa of administration presented above, haTa been ondorsed io the IMe 
I meGsage of Qovemor McWillie, of Miaiiixelppi. Id that able document, hia Enwl- 
I lency holds the followfing language : — " XJiia is a matter in which MisaisMppl is not 

■ alone interested, even on her own Levees. All Llm Suites, sbois and below her, 

■ *long the river bank from Cairo dawn, are subject to the same inundation, and tnu- 
I tnallj aat and react u]>on each other. The Levees of any one State are parts of a 
W eluln of Levees; and the direction, restraints, and How, of the waters of the Miauis- 
I .idppi tbrough, or paal any Slate, are portions of the forces which aSect Ha regimen 

■ everywhere, bat most BtronRly in the Counljes below, • • • No elaborate plea it 

■ necessary to prove the imporiance of having a Levee-system for the whole Talley of 
■l.llie Miaaissippi, framed on sound prinuiples of science, and in concert among the 
I States inlei'ested." Change of administration — widening and concert of the several 
■AxUCing areas of administration — are felt on all bands to bo necessities, and the beet 
M|^i»nna of remedying this necessity practically is, undoubtedly, that of tbe District 
BptBinafe tyalem extended to the organizatioQ of a ^eneT^ ca\Qu^\. 
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CHAPTER IX. 



LBTH WORK CALCDLATI0N8 

The Priemoidal Formula coiistitntea the only rule by whicl 
regnlarly sloped embankments can be measured correctlyi 
ThiB rule is as follows : To the sedionai area of each end i 
four times the area, of the middle section ; one-sixth of the resvH 
mg sum multiplied by the length of the prism, gives the a 
content. If lineal yards be the units employed in the calculw 
tion, the direct resnlt of the rule will be cubic yards ; bnt i 
lineal feet be the units employed in the calculation, then tha 
direct resiult of therule being cubic feet, must, to express itseU 
in cubic yards, be divided by 27. This formula supposed 
the embankment to be a regular prism ; the actual height oj 
crown and width of base midways between the two ends, being 
the arifhmetical mean — one-half the sum — of the corresponding 
heights and widths, respectively, of the two ends. The en<l 
areas, then, must never exceed such limits as include between 
them observable inequalities of ground — the supposition of 
the rule being that the end areas have been taken at intervals 
sufficiently close to have broken the irregularities of the world 
into a series of uniformly sloping prisms. The " sectional 
area" referred to in the rule is the production of the arithmet- 
ical mean— half the sum — of the width of crown nnd width of 
base by the height. The 100 feet chain is that employed by 
Engineers in order by ta.Mr;g the end areas, whenever practi- 
cable at that distance asuiider, to simplify the above preBcribBd 
mle for multiplying by the le ngth. This multiplication in th& 
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case of Btations 100 feet asunder is made by removing the 
decimal point two figures to the right ; or when miiltiplying a 
whole number by the addition to it of two cyphers. Lineal 
feet being generally the unit of measurement, the prismoidal 
formula involves in general a division by 27 to reduce ita result 
to cubic yards ; and as it involves also a previous division by 
6, it is somewhat of an abridgment when working it oat in 
detail to divide the sum of the end areas and four times the 
middle area, after removing the decimal point two fignreB to 
the right, by 162 — six times twenty-seven. In order to explain 
more clearly the working out of a measurement under the 
prismoidal formula, let it be required to calculate the number 
of cubic yards in a regular embankment 100 feet in length, ten 
feet high at one end, and 4 feet high at the other end, the 
crown having the uniform width of 5 feet, the base of fht dopes 
being proportional to the height as six to one. The base for 
the end 10 feet high is (six times 10 for the slopes and 5 feet for 
width of crotcTi) 65 feet ; and one-half the sum — the arithmet- 
ical mean — of the width of base and width of crown being 
(65 and 5 divided by 2) 35, the product of the arithmetical 
mean by the height (35 by 10) is 350, the area at the large end. 
By a like process the sectional area for the small end is 
68. The arithmetical mean — one-half the sum of the heights at 
both ends — is (10 and 4 divided by 2) 7 — the height of the 
loiddle section. The area corresponding to this height, by the 
calculation explained before, is 182 ; and this multiplied by 
I 4 gives a product of 728 — i times the middle area. 350 (one 
I end area) and 68 (the other end area) and 728 (4 times the 
^ middle area) show a total of 1146 ; and this multiplied by the 
length being 114600, one-sixth of the product divided by 27 (or 
114600 divided by 162) shows a quotient of 707.40, the content 
of the embankment, in question, in cubic yards. To explain 
this more clearly it is better to repeat the same calculation in 
another form ; 
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aBKATBB Iin>. LB88 BVD. 

10 (height) 4 (height) 

6 rate of slope, 6 rate of slope, 

GO base of slopes, 24 base of slopes, 

6 base of crown, 5 base of crown, 

66 width of base, 29 width of base, 

6 width of crown, 6 width of crown, 

2}70 film of widths, 2)84 sum of widths, 

86 arithmetical mean, or half the 17 arithmetical mean, or half Am 

sum of the width of crown, sum of the width of orown, 

and of base. and of base. 

86 arithmetical mean width, 17 arithmetical mean width, 

10 height, 4 height, 

160 sectional area. 68 sectional area. 

MSAir ABBA. 

10 height of greater end, 

4 height of less end, 

2)14 sum of the two heights. 

7 mean height 
6 rate of slope, 

42 base of slopes, 

5 base of crown, 

47 width of base, 

6 width of crown, 

2)52 sum of widths, 

26 arithmetical mean or half the sum oi 

the width of crown and of base. 
26 arithmetical mean width, 

7 height, 

182 sectional area, 
4 multiplier, 

728 four times the middle area. 

SUMMATION. 

850 area of greater end, 
68 area of less end, 
728 four times middle area 

1146 aggregate of areas, 
100 length, 



6)114600 product of aggregate by leoglJi, 
27)19100 content in cubic feet, 
707.40 content in cubic yards. 
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I This then is the full detailed method of enrtli-work estimatioB 
i accordance with the prtsmoidal formula. Before ofTering anj 
prther remarks on the subject, it is better to meet here the 
bevailing practice of eatimation among the unskilled men 
barged with the " Engineering" of Levees, by some compari- 
1 with the above — the correct — practice. The methods of 
Uculation in common use on all the Levees of botli Arkansaa 
bd Mississippi— with the exception of those in Coahoma, 
(here Col. Alcorn has taken the trouble to acquire perfect 
kcility in the correct practice himself — are those by average 
tights and by average end areas. These systems are wrong in 
rinciple ; but, in the popular spirit by which these remarks 
live been guided, waving the error of principle, the most 
EBective corrective in the case will be an illustration of that 
rror in practice. The priamoidal formula has already been 
norked out in detailing the measurement of a Levee ten feet 
t one end and four feet high at the other end, the width of 
being uniformly'5 feet ; and the aggregate rate of side 
lopea 6 to 1. The content of tliis embankment will now be 
ntailed according to the two rules of measurement pursued 
knerally on the Mississippi : 



182 area for average height, 

100 iBQgth, 

27)18200 content in oabio frat, 
674.00 coDtect in cubic Tirdi. 



n cabia feel, 
n cnbic yards. 
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By this method of averuge heighta, then, the solid content d 
the embankment in question, would be taken at 674 cubn| 
yards ; and by the method of average areas at 774 cubic yard( 
a difTerence that at fifteen cents a yard, showing a discTepanin 
of 115 for 100 feet of Levee, would sum up at the same rate f 
an immense sum when repeated for every 100 feet along i 
whole extent of even a County. But the fact of the case i 
both of the quantities are wrong ; and the one — that by avt 
age areas — being wrong in its excess, is an injustice to tlB 
tax-payer, while the other — that by average heights — beim 
wrong in its deficietiqf, ia an injustice to the contractor, 
true quantity, as given in accordance with the priamoidal f« 
mala, has been shown in detail to be 707 cubic yards, TIj 
quack-systems then, and the correct system, compare in I 
case nnder consideration ae follows : 



674 cubic yariifi — tii« conteat by aterage h 

707 cubic f ards — the oDtenC in fact. 

774 cubic jards — the conW'iit bj average ai 



One of the common systems, then, of calculation by average 
heights is an injustice in the instance under consideration, at 
the rate of $261 per mile to the Levee contractor; the other 
and equally common system is an injustice in the same instance 
at the rate of $531 per mile to the Levee-tax-payer. This 
assumes the cost of the work at 15 cents per cubic yard. The 
error of these modes of calculation are sometimes less than in 
the case presented above ; but they are also, sometimes, even 
still greater ; with end-areas and end-heights nearly equal, 
they are very trifling ; but with end-areas and end-heights 
differing largely, those errors become very serious. For the 
width of crown and rate of base adopted in the above exam- 
ple, the excess of result, according to the system of average 
areas for example, increases over the true content of the prism 
accordinir to the following gradations : for lengths of 100 feet, 
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wbere the inequality of the heights of the two ends is, 



1 IEnX, Um extern giiea by Uie metliMl of 


average orroi 


is 1,8 cubic yonl«. 


Sm do 


do 


7.5 cubic yards. 


IJh^ do 


do 


17.0 eobic;ards, 


4U, do 


do 


80.0 cubic yards. 


JIM d" 


do 


4B.0 cubic f snlg. 


*H do 


do 


MM cubic ysids. 


IM d» 


do 


90.7 cubic jMds. 


iM, do 


do 


118.6 cubic yards. 



Adopting still the five-feet crown and six-fold baBe, the insuffi- 
riencyof the quantities resulting from the proccBs of average 
higHs. follows the following gradations : with a length of 100 
feetwherfl the inequality of the heights of the two ends is, 

1 Ibdt, the deSi-ieucy by the method of arersge litiglili, is 0.8 cubic yards. 

SIhi, do do S.T cubic yards. 

}twt, do do 8.5 cubic yards. 

ifbei, do do 15.0 cubic yards. 

'tJbi^ do do 23.0 cubic yards. 

(fce^ do do S3.3 cubic yards. 

Thn, do do 45.i cubic yards. 

IJNC, do do 50.3 cubic yards. 

It may be noted here that the calculations by average Aez'g'Ate are 
llwajB a wrong to the contractor, those by the average area 
bwng always a wrong to the pnUio — the deficiency in the one 
being one-half that of the ecrcess in the other case. But, 
bad as are both of those methods when applied to even short 
lengths of embankment, a very common practice in the use of 
both, by extending thg averages to considerable lengths, make 
111! evil still greater. The following table shows the heights, 
WOwn, and base of a Levee, ta.keu at regular intervals of 
100 feet ; extracted from a measarement-book of my own prao* 
tica on Levees, it represents an actual state of facts. The 
Wt column shows the content of each 100 feet of the embank- 

int, according to the prismoidal formula — the true cfmtent— 

cubic yards. 
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The true content of the above Levee — 4,000 feet long — wh 
15676 cnbic yards. Now, the average height of all the stations 
on this piece of work was, as may be seen by adding up the 
above column of heights, and dividing the sum by the number 
of heights so added, 4.67 feet. The average width correspond- 
ing to the average height, being 16.51 feet, the area — the 
product of this average height by its average width — is 77.10 
square feet. To repeat this in another form : 

16.61 the average widtli correaponding to a, height of 4.07 bet. 
4.67 the average height of Iha whole embuukmeiit. 



TT.IO the average area by a general average hi 
4000 the length of the whule bank. 

27)308400, content of whoie bank in eqnaro feeL 

1142:L'22, content ot whole baiik in cubic imis. 



It of the nhnle bank. 
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Ihe comparison in tbia instance then, atanda thus : 

^^V 1SGT2 cubic yards, the true content, 

^^K 11422 uubic yudK, the txmlent b; a gmtral averagi lieigbl. 

^^^1 4250 cable ynrdi of error against contractor. 

^^Kcontractor, in this instance, paid nominally, 15 cents per 
^^B for bis work, would, in fact, be paid according to thia sjb- 
^^H of measurement, at the rate per yard of less than 11 cents. 
^^H contractor, however, is generally able to secure fair play 
^^^Bumself ; but in the case of those methods of calculation 
^^Ht, parsned as they are by officers of the public, give the 
^^Broctor a large excess above bia just rights, there is no pro- 
^^Bion to save that public, when it contracted for but 15 cents 
^^H^rd, from paying, in consequence of the unfttncss of its own 
^^Beer — its " Engineer" — so high, in fact, as even 20 cents a 
^^Hd. So important is it to both the contractor on Levees, and 
^^Bhe public paying for their construction, that a system of 
^^■kmrement be laid down that, adapted to the popular under- 
^^Biding, may secure to both parties mutual, even-handed 

^^^ffhe errors of the systems common in measuring Levees thus 
^^Hpoeed, attention may be now recalled to the prismoidal rule, 
^^Hl illustration given of that rule will have suggested that its 
^^^Bloyment at intervals of 100 feet, and of less, along a line of 
^^Bee, makes correct estimation, a process most elaborate and 
^^Hnns, Practice, however gives a surprising expertness in 
^^Blng up quantities directly ; and also in the use of regular 
^^Bbb of calculation, suggests from time to time several meth- 
^^Hof abridgement. For a regular rate of slope, lor instance, 
^^B Engineer about to estimate any considerable stretch of 
^^Ht, finds it much more correct and rapid to calculate, in the 
^^^Bplace, a regular table for that slope ; and applying thrit 
^^Be to the special dimensiouK of his measui ement, take off 
^^^■iDoid after prismoid, by inspection. For new Levees such 
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a table is directly applicable. Tables 1, 2, and 3, have, accord* 
iiigly, been added at the eod of these remarks, for the use of 
the leas expert — and indeed, also, of the more expert — to whom 
the elaboratioo necessary, otherwise, may be an obstacle to ■ 
the general introduction in Levee-measurement of the prit- 
moidal formula. These calculations are intended to cover ftll 
the forms of section prevjiiling in the Levee-practice of the 
Mississippi. In terme r^yreeenttng tmbic yards, the tables 
show, for prisms of 100 feet long, the " end area," and 
" four times middle area" for all heights to tenths and half ■ 
tenths of a foot, from a height of one foot to a height of 24.95 
feet. Table No. 1 ia estimated for a base-width of 6 feet hori- 
zontal to 1 foot vertical ; and with a crown of 5 feet wide — 
the dimensions allowed by the Superior Board of Levee 
Commissioners for the State of Mississippi. Table No. 2 is 
estimated for a base, bearing the same constant proportion to 
the height ; but differing from table No. 1 in having a crown of 
only 3 feet wide. No. 3 gives the quantities under the same 
heads, in the same terms, and for the same intervals, for a Levee 
having a crown of 3 feet across; but with a base having a 
width of seven times the height. The dimensions given in this 
table, are those generally used in the State of Arkansas, with 
the exception of the width of crown ; the adopted crown-width 
l)eing, as before remarked, erroneous in principle. Li measur- 
ing the Levee it is, in fact, not practicable to arrive at a greater 
accuracy in the heights than a tenth of a foot. The tables are 
accordingly, in being extended to tenths, carried out to the full- 
est detail available in practical estimation. In order to show 
in juxta- position a calculation made in detail, and the same 
made under the abridging of the above table, let it be proposed 
to cast up the quantities ia a Levee 100 feet long, 3.60 feet in 
height at the leas end, and 7.70 feet in height at the greater 
■end, the base being always six times the height, and the crown 
of the uniform width of 5 feet. 
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7.70 height, 8.60 height, 

6 multiple for base, 6 multiple for baae, 

46.20 width of base, 21.60 width of base, 

5.00 width of crown, 6.00 width of crowii, 

. 2)51.20 sum of width, 2)26.60 sum of width, 

25.60 mean-— or half sum of width 18.80 mean— or half lum of widll^ 

7.70 height, 8.60 height. 



179200 79800 

1792 899 



197.1200 sectional area. 47.8800 sectional area. 

MIDDLB ABBA. 

7.70 height at greater end. 
8.60 height at less end, 

2)11.80 sum of heights 

6.65 mean— or half sum of heights, 
6 multiple for base, 



88.90 width of base, 

6.00 width of crown. 

2)88.90 sum of width. 

19.46 mean— or half sum of widtha, 
5.65 mean height, 



9725 
11670 
9725 



109.8925 middle area. 

4 multiple according to rule, 

439.57 four times middle area, 
197.12 area at greater end, 
47.88 area at lesser end. 



6)68457 sum of areas, 

114.095 one-sixth the sum of areas, 
100 length. 



27)114095 (422.6 solid content in cubic yarda. 
108 



60 
54 

69 
54 

165 
163 
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S<iid| » ttM rqgolAT workiog out of thin qoantitr id detuL 
L*l it auw b« work«d out by the tables. The crowo being five 
(99k «uU tfa« bow Aic times the height, the table to be employed 
ID ttM <Mii6 i» No. 1. Taming then to No. 1, under the head of 
tbrw) fful -uui on tb« line correepODdiDg to the deciiu^ .60 la 
tlw UMrt^iu, tl)» ubuWend area" correepondiog to 3.60 is 
ftiiuid lu btt :!tf .6 ; under tbe head of 7 feet and on the line of 
th« iiur^ioiil devimiil .70, the end area in the table is 121.7. 
Atidiu^ lot^tbor 3.W the he%ht at one end, and 7.70 the height 
ni, ilw iiLhvt uuj, tlia aggregate is 11.30 ; and this anm divided 
bjt J sh4^tt» tW th« middle height, 5.65 feet. Turning again to 
tiu UtbWi lltu ubular number under the head 5 feet, and on the 
hug .4^ is fuuud in thv colamn of " middle areas" to be 271.4. 
Aiidiu^ 2?l.i (lour tini«s t be middle area) 29.6 (the area at the 
hMa 'J»tO tixd 1£1.7 (tb« area at the greater end) the total ia 
Xa^'l ■ Vhut uJ^iJuuitioa of the use of the tables thus given, the 
i^VUi^-iU iwu wiitb tb« above detail may be now commenced. 

rrespoDding, - - 29.0 

corrBBpoiiding, - - 121,7 



- Mbulv " eod oreu" 



■ '. a,ia libulw " 4 fimos middle area" corresponding, 271,4 
T^m'.iHLlflUV. tt]> v*^**"*^*^ fanuala, in cnbic fu^ - - 422.7 

.,1 1,.! Ill viwh ^ifiX't'aa show at a glance the facilities fni^ 

I ho dotail process requiring 208 figures, 

,. i.nMit but 29 figures. The tables, then, may 

.'n; iIk» liiiio and labor of calculations by the 

^M\uiH h> iMio-aoventh the time and labor neces- 

jiM^ ^vuk ttMt formula in detail. These tables are 

u^ Uktf i^ult of using the formula extensively 

^^'N* W» vU'l'^'i'l"'"*? of reference to any other 

.'It t^v iiiftpeclion. Original in every partic- 

iii )<«>iUiipii, better to explain more fully 

. ^vt \\\* (Vrogoing comparison, the use and 
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pvenieDce of those tables. Pnssiiig to thie explaoatioD, it 

r be observed that the quantities employed in the table are 

Utioua, representing no real quantity, nntil the summation 

D a solid content, when thej take the form of <wbic yards. 

jtracting the heights at each station from the level-book, 

mae are transferred, in the ofBce, to the measuremont-book 

fcbe following manner. — The coluaan showing the distances 

ween the several stations (see annexed form) are to be filled 

|with those distances, leaving every seamd Um blank. The 

ghts, respectively, corresponding to those distances are 

t transferred to the column of heights, each opposite its 

1 distance, and consequently entered, like the distances, on 

f second line. The third column of the meaatirement-book 

iiext £lled in with the quantity constituting an arithmetical 
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D between each pair of heighte 
tin— this mean being, of course, 
torresponding pair of end-heights, 
ptered in the lines that had been 

le first and second columns ; and 
iweinent-book, a place between th 

Mhof them is deduced. The end- 
puB Slled in and placed in proper 

wnt-book. the calculator will next 



\ entered in the second col- 
, one-half the sum of its 
These mean heights are 
left blank, when filling in 
thus occupy, in the mea- 
16 two heights, from which 
■heights, and mean heights 
position in the measure- 
call to his assistance the 
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earth-work tables. In doing this, it mnst be recollected thtfl 
eacb set of heights in the tables, having correspoodiug to it I 
two dififerent sets of qnantitiea — that in the column of "» 
areas," and that in the column of " 4 times the middle height'^ 
the only certain mode of gnarding against the use of onei 
these for the other, is to first take out the quantities undei 
head — those for the measurement-column of " end-heights," fit^ 
and aR these compleled, then take out the quantities tinder t 
other head — those for the measurement-column of ' 
heights." The first " end-height," then, is 5.00, Turningfl 
table No. 1, the eye rests on the head, — in large charaotefl 
" 5 feet." Running down the margin, the decimal " 00">1 
Been ; and the " end-areas" under the heading " 5 feet" on I 
" 00" is found to be 64.0. Under the head, Tabular i 
of the measurement-book, this 54.0 is then entered on the I 
running across the book from the end-height 5.00. The he( 
ing " 5 feet," being again used in the tables, the eye i 
the next place on' the marginal decimal .20; and the ' 
area" under the head " 5 feet," corresponding to the decin 
.20, is seen to be 58.1. The 58.1 is, then, entered in the i 
umn of "tabular numbers" of the measurement-book, on 1 
line running across the book from the corresponding heiglitl 
5.20. So, also, with all the other "end-heights," Tl 
pleted, the next duty is to take out the tabular numbers i 
the "mean heights." Theae, be it remembered, are found j 
the column "4 times middle area." The first mean height J 
the above form of measurement-book, is 5.10. Again, unq 
the head "five feet," after running down the margin to 1 
decimal .10, the eye rests on the tabular number correspoudd 
to 5.10 in the colnmn '■ 4 tiroes the middle area." This ot^ 
ber is seen to be 224.2. Opposite to, and on the line rutmiij 
across the measurement-book from, "mean height" 5.10, 
number, 224.2 is next entered in the column of tabular am 
bera. The mean heights are thus gone through, one after t 



embaseimg lands psom riveb-ploods. 



H7 



H other. The use of the tables coded, the next at«p ie the sum- 
■natioD. This must be done by groaping together each three 
■'Ijiian titles in the columii of " tabular n umbers" — alivaye taking 
Hcarethat, (j/'ter that quantity correspoadiog to thejirst distauce 

■ the quantity corresponding in the column of "tabular Dum- 
m Wa" to each distance, or to each " end height," shall be used 

■ in the additions /wtce — once, m addition to the two quantities 
» dim it, and again, in addition to the two qaantities below it, 

■ in the measurement-book. The column "content in cubic 
Kyards" tbus made out for each distinct prism, the addition of 
^<B complete H the measurement. This supposes the stations, 
HI nil] be observed, separated by 'uoiform distances of 100 feet 
■hadi. In irregular ground, however, the stations must be 
■k^rated by irregular intervals — in bayous, for instance, it 
I being often necessary to place them so close together aa 4 or 
Bfifeet, The measurement-book in such cases is filled, as shown 
Eietween stations 4 and 5 in the above form, the prisms being 
Bntade subjects of special calculations. These calculations may 
■1)6 made with a saving of time and trouble by adding the tabu- 
I'lu numbers corresponding to its end-heights, and to its mean 
Iheight as described for the 100 feet lengths ; and multiplying 
BSw Bum of these numbers by the length of the short prism in 
Elation; the removal of the decimal in the product, two fig- 
B^ to the left, will give the true content of that prism. 
^wtpose, for illustration, a priamoid of 13 feet length, 7.20 feet 
Btone end, and 19.60 feet at the other end. This has a mean 
W$ht of (one-half the sum of its end-heights) 19.60 added to 
B^, and the sum divided by 2 — 13.40. 

■ 7.20— end height has a tabular " end ajea" of - - - 107.1 

■ 19.60 — end height has a tahular end'area of - - - - 741.7 
^k 18.40— mean lieight has a, (abulnr "4 times middln area" of - 1412.8 

H^ Tolal, - - 2261.e 

^^m Multiplied h; length - - 13 

^^B Gnbic yards m tha 13 ftiet prism - - 204.00.8 
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Tliifl will eave Bome trouble, as otherwise the calculation ^^| 
the 13 foet muBt be made under the formula in extemo. The 
remaining quantities in the above form of measurement are 
obtained in the same manner as those of the foregoing expla- 
nations. The quantities of embankments having a crown of 
3 feet across and a base of six-i'o\d width, are to be calculated 
by table No. 2. A scuen-foM width of base having a crown of 
j! feet wide presents a section whose quantities must be calcu- 
luted by table No. 3. The use of these two tables is precisely 
similar to that of table No. 1. 

Tables 1, 2, and 3 are con6ned in their application to new or 
well preserved embankments. Old Levees, however, with 
worn crowns, hollowed sides, and spread bases, cannot be meas- 
ured with any approach to truth by a rule based on a uniform 
width of crown and constant rate of base. Estimation under 
Buch circumstances can be made only by a series of careful 
cross-sectioning ; and in order, therefore, to meet this necessity 
of the preaentworks in Iievee management, a table of contents 
is added here on the basis of sectional areas. Table No. 4 aima 
at this object. Irregular works being the special subject for 
the use of this table, it may be neceesary to observe that it ia 
equally applicable to works of uniform sections. The rule for 
using table No. 4 is as follows ; For lengths of 100 feet add 
io the cubic yards corresponding in the taUe to each of the given 
end areas, 4 tiines the cubic yards corresponding to the mean q/ 
those ttco areas, and the s-urn wiU be the conient of the bank in 
cubic yards. Or another rule for using table No. 4 : Add for 
lengths of 100 feet the two end areas io 4 times the mean of those 
two end areas, and the number corresponding in tlie table to the 
total of these is the content of the bank in cubic yards. For 
shorter lengths than 100 feet, multiply the result in either of 
the above rules by the length, and changing the decimal point 
two figures to the left, the product is the content in cubic yards. 
Tiie sectional areas in the tables are given, it maybeobservei 
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a Bqoare feet. Taking a few of the prismoids in tbe form ol 
measurements bo ok already given, the sectional areas are as 
Killows, as estimated by table No. i : 

Form of Mrasurrnimt-Book for Table No. W. 





..„ 


»,..., 


IT 


Mtu Am. 


CmMiuhi 
Cubic Yudl. 


Cto-u. 
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AvB«* 




B.eo 

0.70 




ai.so 

84,80 


1I.S0 
JB.IO 
1».M 


uo.4a 
ui.ra 


90.81 

iw.n 

IM.M 


8M.a 

B88.D 

8M.I 
tST.4 



First prismoid — less end area 87.50 

greFttor end nrea 94.12 

4 times middle area 363.24 

Total 544.80 

The solid content corresponding in table No. 4 to tbisa^re- 
[ate " area" 544.86 is 336.4 cubic yards. 

Sacood prismoid — less end area— 94. 12 

greater end area — 115.42 

4 times mean ftrea~-119.0S 



inning the eye down the column " areas in square feet " ot 
^ble No. 4, it rests on the large figures 620 ; and following 
1 the column to tbe single figure 8, the number corres- 
mding to 628 is seen to be 387.6. By the aid of the auxil- 
iary table Bubjoined to table 4 the proportional value in cubic 
irds corresponding to the decimal of the areas, .62 is to be 
)dded to the solid content of tbe whole numbers. The cubic 
"ds corresponding to the aggregate area of 628.62 shows, 
wrefore, a solid content of 388,0 cubic yards. This explanation 
* BttfGcient to make tbe use of table No. 4 perfectly clear. For 
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the particular meaaureraents contemplated by this table it wU« 
be found a most valnable aseietant to the calculator who fiima 

at close and careful calculation. 

All the tables in this book are new to the profession ; table* 
1. 2, and 3, being modificationB from the practice of Mr. M. Butt 
HewBon ; table No. 4 being, however, purely original. Table* 
Nos. 1, 2 and 3, respectivelj, condense in a small sheet con- 
taining 60 lines and 16 columns, a number of results in onbic 
yards that cannot, in the ordinary diagonal tables of earth-works, 
be given in a smaller space than that occupied by 480 lines and 
480 columns. Earth-work tables in general, limit their facilitiea 
to heights of/iifl feet; and therefore, tables 1,2, and 3, an- 
nexed to this, while much more condensed in form and much 
more facile of reference, make a great advance in going into 
detail so minute as that involved in heights of feet and tentha 
of a foot. It is perhaps unnecessary to atatt: that all these tables 
are equally applicable to cut and to bank, whether on Levee, 
Canal or Railroad. 

In conclusion it may be added that these remarks, whether 
in theory or in practice, have been of necessity generalities. 
Engineering on Levees ie in the crude state of those improve- 
ments, work for a man of some original observation, some 
original resources, some scientific and practical skill. Correct 
measurement will be brought by the remarks made above 
within the compass of men of intelligence under ordinarj^ 
circumstances; but the special circumstances for even separa- 
ting Levee-practice from general rules — spreading of base, 
sinkings of foundations, bulgings of sides, inundating of work- 
pits, (fee. — make it necessary for proper estimation of thoaa 
works that they be always placed in the charge of some one 
thoroughly conversant with the elementary principles of meas- 
urement. Location alone involves so many delicate and intri- 
cate considerations — these again involving so many serious if 
not fatal contingencies— as to require, superior to all rules of 
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practice the eye and miod of a profesBional Engineer. Tha 

idetail surveys Buggested above are andertakingB, too, that in 
Wtiie hands of even a decent pretender to professional ability will 
Vxesnlt in a simple waste of money. The Trigonometrical 
tBQrvey for connecting the Levees on both sides of the River is 

adnty from which (let UDfitnesa be ever so ready to nodertalce 
^t) even the regular Engineer, who baa never directed hia 

EHind or bis practice to such a systein of survey, will be found 
Kin honor and Belf-conscioueness to decline. Finally : if any- 
Itbing that has been said here shall further the interests of 
■ leveea, shall bring those works more thoroughly within the 
^Tulea of art, shall strengthen the hands of the administrator 
I entrusted with their charge, or shall correct errors of opioion 
|<on the part of planters and others hampering the intelligeDoe 
I of hie aims, the writer shall have felt rewarded with the satis- 
V&ction of having left the impress of his experience in the 

rreat Valley after him as a souvenir for the benefit, in a greater 

■or less degree, of the very highest interests of a generous 

lople, amongst whom he has spent many a happy day of work 

uad pleasure. 
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to the cubic yards corresponding to the whole number as set forth in 
Table IV. 
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5 


163.6 


9 


2 


124.7 


6 


164.2 


330 


8 


125.8 


7 


164.8 


1 


4 


125.9 


8 


165.4 


2 


6 


126.6 


9 


166.0 


8 


6 


127.1 


270 


166.7 


4 


7 


127.8 


1 


167.8 


5 


8 


12S.4 


2 


167.9 


6 


9 


12'J.0 


8 


168.5 


7 


210 


129.6 


4 


169.1 


8 


1 


130.2 


5 


169.7 


9 


2 


130.9 


6 


170.4 


340 


8 


131.6 


7 


171.0 


1 


4 


132.1 


8 


171.6 


2 


5 


132.7 


9 


172.2 


8 


6 


133.3 


2SO 


172.8 


4 


7 


183.9 


1 


178.4 


5 


8 


134.6 


2 


174.1 


6 


9 


135.2 


8 


1747 


7 


220 


185.8 


4 


175.8 


8 


1 


186.4 


6 


175.9 


9 


2 


137.0 


6 


176.5 


350 


8 


137.6 


7 


177.1 


1 


4 


188.8 


S 


177.8 


2 


6 


138.9 


9 


178.4 


8 


6 


189.6 


290 


179.0 


4 


7 


140.1 


1 


179.6 


6 


8 


140.7 


2 


180.2 


6 


9 


141.4 


8 


180.9 


7 


230 


142.0 


4 


181.5 


8 


1 


142.6 


5 


182.1 


9 


2 


143.2 


6 


1S2.7 


36(1 


8 


143.8 


7 


18J13 


1 


4 


144.4 


8 


183.9 


2 


5 


146.1 


9 


184.6 


8 


6 


145.7 


300 


185.2 


4 


7 


146.8 


1 


185.S 


5 


8 


146.9 


2 


166.4 


6 


9 


147.6 


8 


187.0 


7 


240 


148.1 


4 


187.6 


8 


1 


148.8 


5 


188.8 


9 


2 


149.4 


6 


188.9 


370 


8 


150.0 


7 


189.5 


1 


' 4 


150.6 


8 


190.1 


8 


6 


151.2 


9 


190.7 


8 


6 


161.8 


310 


191.8 


4 


7 


152.4 


1 


192.0 


6 


8 


158.1 


8 


192.6 


6 


9 


158.7 


8 


198.2 


7 


850 


154.8 


4 


198.8 


8 


1 


154.9 


6 


194.4 


9 


8 


155.5 


6 


195.1 


380 


8 


156.2 


7 


195.7 


1 


4 


156.8 


8 


196.8 


8 


5 


157.4 


9 


196.9 


8 


6 


158.0 


320 


197.5 


4 



198.1 

196.8 
199.4 
200.1 
200 6 
201.2 
201. S 
202.4 
203.1 
203.7 
204.8 
204.9 
205.5 
206.2 
206.8 
207.4 

208 
208.6 

209 2 
209.9 
210.5 
211.1 
211.7 
212.8 
212.9 
218.6 
214.2 
214.8 
215.4 , 
216.0 1 
216.7 
217.8 
217.9 
218.5 
219.1 
219.7 
220.4 
221.0 
221.6 
222.2 
222.8 
223.4 
224.1 
224.7 
225.8 
225.9 
226.5 
227.1 
227.8 
228.4 
229.0 
229.6 
280.2 
280.8 
281.6 
282.1 
282.7 
233.8 
288.9 
234.6 
885.S 
S86.f 
280.4 



162 



PBINOIPLES AND PBACnOE OP 



auxhjart to tablb nr. 



WHKV TBI ABEAS CONTAIN DECIMAL PABTS, 



Dedmal of Areas. 


Decimal 

Cubic Yards 

CorrespoDdlng. 


.00 


.0 


.17 


.1 


.88 


.2 


.60 


.8 


.66 


.4 


.83 


.5 


1.00 


.6 



N.B. — ^When the square area consists of a whole nnmber and of 
decimal parts of a whole number, the cubic yards corresponding to those 
decimal parts, as given in the subjoined Auxiliary Table, are to be added 
to the cubic yards corresponding to the whole nnmber as set forth io 
Table IV. 



EICBAKKINO LANDS FROM KIVEB-FL00D6. 
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JV.— {Continued.) 
Table qf Cubic Yards corresponding to Areas vn square feeL 



c 



I 



5 
« 
T 
8 
9 

890 
1 
2 
8 
4 
6 
6 
7 
8 
9 

400 
1 
2 
8 
4 
5 
8 
T 
8 
9 

4:10 

1 

2 
8 
4 
5 
8 
7 
8 
9 

420 
1 
2 
8 
4 
5 
6 
7 
8 
9 

430 
1 
2 
8 
4 
5 
6 
7 
8 
9 

440 
1 
2 
8 
4 
6 
6 
7 
8 



'-8 



288.2 
288.9 
289.5 
240.1 
240.7 
241.8 
241.9 
242.6 
2482 
248.8 
244.4 
245.0 
245.7 
246.8 
246.9 
247 5 
24S.1 
248.7 
249.4 
260.0 
250.6 
251.2 
251.8 
252.4 
25^x1 
268.7 
254.8 
254.9 
255.6 
256.2 
256.8 
267.4 
25».0 
208.6 
25y.2 
25y.9 
2ti0.5 
261.1 
2(n.7 
26-2.3 

2<;2.9 

2t;3.6 
2C4.2 
2i;4 8 
265.4 
2MM 
266.7 
2()7.3 
267.9 
2()8.6 
269.1 
2«;9.7 
270.4 
271.0 
27K6 
272.2 
272.8 
278.4 
274.1 
274.7 
275.3 
275.9 
276.5 



i 

5 

< 3 



i 



9 
450 

1 
2 
8 
4 
5 
6 
7 
8 
9 

460 
1 
2 
8 
4 
6 
6 
7 
8 
9 

470 
1 
2 
8 
4 
6 
6 
7 
8 
9 

480 
1 
2 
8 
4 
5 
6 
7 
8 
9 

490 
1 
2 
8 
4 
6 
6 
7 
8 
9 

500 
1 
2 
8 
4 
6 
6 
7 
8 
9 

510 
1 
2 



•8 a 



277.2 

277.8 
278.4 
279.0 
279.6 
280.2 
280.9 
281.6 
282.1 
282.7 
288.3 
288.9 
284.6 
285.2 
285.8 
286.4 
287.0 
287.6 
2S8.3 
288.9 
2S9.5 
290.1 
290.7 
291.8 
292.0 
292.6 
292.2 
293.8 
294.4 
295.0 
29..7 
296.3 
296.9 
297.6 
29S.1 
2IKS.8 
299.4 
800.0 
800.6 
801.2 
301.8 
802.5 

sm.i 

30^3.7 
804.3 
304.9 
305.5 
306.2 
806.8 
307.4 
808.0 
3118.6 
309.2 
309.9 
810.5 
811.1 
311.7 
812.3 
812.9 
313.6 
314.2 
814.8 
815.4 
816.0 



reus 
are feet. 




J 




J 

is 




^1 




•B 


M 


^1 


s r . 


a 


^i 


S 


'^g 


a 


«8 


8 


816.6 


7 


866.1 


1 


896.7 


4 


817.8 


8 


866.7 


2 


896.8 


6 


817.9 


9 


857.8 


8 


896 9 


6 


818.6 


580 


868.0 


4 


897 6 


7 


819.1 


1 


858.6 


6 


898.1 


8 


819.7 


2 


859.2 


6 


898.7 


9 


820.3 


8 


859.8 


7 


8994 


520 


821.0 


4 


860.4 


8 


400.0 


1 


821.6 


5 


861.0 


9 


400.6 


2 


822.2 


6 


861.7 


650 


401.2 


8 


822.8 


7 


862 8 


1 


401.8 


4 


823.4 


8 


862.9 


2 


402.4 


6 


824.0 


9 


863.6 


8 


408.1 


6 


824.7 


590 


864.1 


4 


408.7 


7 


825.8 


1 


864.7 


6 


404.8 


8 


825.9 


2 


865.4 


6 


4049 


9 


826.5 


8 


8660 


7 


405.6 


530 


827.1 


4 


866.6 


8 


406.1 


1 


827.7 


6 


8()78 


9 


406.8 


2 


82^.4 


6 


867.9 


660 


4074 


8 


829.0 


7 


86S.5 


1 


40S.0 


4 


829.6 


8 


869.1 


2 


408.6 


5 


830.2 


9 


869.7 


8 


409.2 


6 


880.8 


600 


870.4 


4 


4C9.8 


7 


831.4 


1 


871.0 


5 


410.6 


8 


332.1 


2 


871.6 


6 


411.1 


9 


8:^2.7 


8 


872.2 


7 


4117 


540 


83:i.8 


4 


872.8 


8 


412 8 


1 


&y3.9 


5 


878.4 


9 


413.0 


2 


834.6 


6 


874.1 


670 


413.6 


8 


835.1 


7 


874.7 


1 


414.3 


4 


835.8 


8 


375.3 


2 


414.9 


5 


8:^6.4 


9 


875.9 


8 


415.5 


6 


837.0 


610 


876.5 


4 


416.1 


7 


837.6 


1 


877.2 


6 


416.7 


8 


»{S.2 


2 


877.8 


6 


417.3 


9 


3:38.8 


8 


878.4 


7 


417.9 


550 


839.5 


4 


879.0 


8 


41.S.5 


1 


840.1 


6 


879.6 


9 


410. t 


2 


3-10.7 


6 


8S0 2 


680 


419.7 


8 


841.3 


7 


3S0.9 


1 


420.4 


4 


841.9 


8 


881.5 


2 


421-0 


6 


842.5 


9 


882. 1 


8 


. 421.6 


6 


843.2 


620 


88*2.7 


4 


422 2 


7 


313.8 


1 


883.3 


5 


422.8 


8 


844 4 


2 


883.9 


6 


423.4 


9 


815.0 


8 


884 6 


7 


424.1 


500 


84f).6 


4 


885.2 


S 


424.7 


1 


8^6.2 


5 


885.8 


9 


425.3 


2 


846.9 


6 


886.4 


C90 


426.9 


8 


847.5 


7 


887.0 


1 


426.6 


4 


8.18.1 


8 


8876 


2 


427.2 


6 


84S.7 


9 


888.3 


8 


427 8 


6 


349.8 


63(» 


888.9 


4 


428.4 


7 


349.9 


1 


889.5 


6 


429.0 


8 


8r)0.6 


2 


390.1 


6 


429.6 


9 


861.2 


8 


390.7 


7 


430 2 


570 


3ol.8 


4 


3913 


8 


4309 


1 


852.4 


6 


892.0 


9 


431.5 


2 


853 


6 


802.6 


700 


432.1 


8 


35:3.6 


1 


893.2 


1 


432 7 


4 


8*^1.3 


8 


898.8 


2 


433.8 


6 


854.9 


9 


8.94.4 


8 


4889 


6 


865.6 


640 


896.0 


4 


484.6 



i 









5 
6 
7 
8 
9 

710 
1 
2 
8 
4 
6 
6 
7 
8 
9 

720 
1 
2 
8 
4 
6 
6 
7 
8 
9 

730 
1 
2 
. 8 
4 
5 
6 
7 
8 
9 

740 
1 
2 
8 
4 
6 
6 
7 
8 
9 

7 60 
1 
2 
8 
4 
6 
6 
7 
8 
9 

760 
1 
2 
8 
4 
6 
6 
7 
8 



tl 

IS S 

Si 



486.2 
436.8 
486.4 
487.0 
487.6 
488.8 
488.9 
439.6 
440.1 
440.7 
441.8 
442.0 
442.6 
448.2 
448.8 
444.4 
445.0 
445.7 
446.3 
446.9 
447.5 
448.1 
448.7 
449.4 
450.0 
450.6 
451.2 
461.8 
4^>2.4 
453.1 
453.7 
454.3 
454.9 
455.6 
456.1 
456.8 
457.4 
458.0 
458.6 
459.2 
459.8 
460.6 
4(51.1 
461.7 
402.8 
46:^0 
46.S.6 
464.2 
464.8 
465.4 
466.0 
46(5.7 
4C.7.8 
467.9 
408.5 
460.1 
469.7 
470.4 
471.0 
471.6 
472.2 
472.8 
478.4 
474.1 
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PBINOIPLES AND FBAOTIGB OF 



auxhjart to tablb nr. 



WHIH TBI ABKAS OONTAIIT DECIMAL PABT8« 



Decimal of Artaa. 


Decimal 

Cubic Yards 

Corresponding. 


.00 


.0 


.17 


.1 


.83 


.2 


.60 


.8 


.66 


.4 


.88 


6 


1.00 


.6 



N.B. — ^When the square area consists of a whole number and of 
decimal parts of a whole number, the cubic yards corresponding to those 
decimal parts, as given in the subjoined Auxiliary Table, are to be added 
to the cubic yards corresponding to the whole number as set forth in 
Table IV. 



TABLE IT— |(7u.i 
It nf Cubic Fardi corrtapondine I 



i! 


li 


.J 


ll 


.i 


f 


.1 


! 


,i 


5i 


,^ 


I 


! 


^1 


i| 


if 


Si 


£ 


n 


'i 


'1 


M 


^ 




15 


^f 




-'f 


1 


■<& 






|| 


■■1 












-i 














C 




9 


4 1.7 


9 


"iiii 


— - 


"smT 


-^ 


~ms 


~ 


BiaT 


~ 


"m. 




T-JO 


4.1.3 

4 li.a 


I 

S 


614,8 
OlILT 


»oo 


M4.3 

MM J 
M7,4 


9T« 


6m:ii 


103ri 


WT.O 
631.7 


■ 0»0 


s. 
a 

s: 




T8 ' 


<8l' 




Mt.O 


910 


seij 




eitvA 




84(1.1 


110 1 


ero. 






4.'JA9 
4S7.U 


9 


Ma 
CIS. 




ii 


fiBo 




1040 


fl43:B 

HS.8 




6S1. 

6eii.i 

6S8!3 
834.6 




»»« 


4^;» 


4 


Bills 




Mils 




ms 




6468 


111 1 


%i 




S 


ISS.B 






920 


m.s 




601.4 




m'.^ 








! 


4Sii.a 

48114 


S 
8 


ftiu.o 




biaA 






1050 


MIA 




907 




i 

i 


m-s 

4U4.4 
4I>^1 

4».; 

4UD.S 
49S-11 


T 
■B 

I 


6Sa'.a 

6Si.S 
6M.S 

wii!4 

i- 


930 


bUA 

is 


1000 


ill? 


_J 


852!» 


IISO 


691(1 

B9S! 
8fiD,g 




,«i 


BOuiu 












eUo 




gl:! 




697i 




6nii8 




f*i: 












e5S,fl 




6W. 








J 




940 


B*ii:a 
wu,s 




mi 








603. 






i 


























8S0 


Ma' 




5?SJ 




ehsi 




sat'f 




of; 








1 


64a: 








6aiB 




m'.s 




Ol' 








S 






MB 


101(1 


e.a,B 




M8.0 




(la. 
ns. 




8Z 


MW.3 


sail 

5 




9-30 


6.wa 


lOSO 


win 


tsoo 


6619 
665.4 

667.!) 
66S.5 




OS. 

05 
04. 
06. 
U7,4 
W,0 




83l> 


6 30 




was 




BflL4 




uao.e 
oai.B 




6710 


116 


106 




B 


018:« 


« 


»8,1 


960 


assia 




«ffij,i 




671,6 




lil 





1 
I 
I 
I 
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PSEN0IPLE8 AND FBAGT10R OV 



AUXILIARY TO TABLE TV. 



WHIM THI ABEAS OOMTAIV DKOIMAL PABT8. 



Deoimal of Areas. 


Decimal 

Cable Yards 

Oorrespondiog. 


.00 


.0 


.11 


.1 


.88 


.2 


.60 


.8 


.66 


.4 


.83 


.6 


1.00 


.6 



_t 



N.B. — ^When the sqaare area consists of a whole nomber and of 
lecimal parts of a whole nnmber, the cubic yards corresponding to those 
decimal parts, as given in the sabjoined Auxiliary Table, are to be added 
to the cnbic yards corresponding to the whole number as set forth io 
Table IV. 



H 


EMBiXKiNO L4>Dti JEUU KITLE-FUOOW, ISJH 


TABLE IV^ItVnlioM^) 1 








4 


1v 
1^ 


ll 


1 


i| 


!{ 
if 


.1 


1: 

j 


li 


J 

J 


i 


if 

j 




8 


c 






s 


7»0.I 


£ 


"mr* 






s 


TllT 




"1«^ 


i 








TIS.8 




tmIs 








SBO.V 


141 
















7as 


s 


mo 


J 










«lll.* 








laeo 


rM.1 




7W.« 


















Tita 






I1W.H 




bSi^T 




8Tas 




Kll. 




9 


TH-8 




t(*S 


8 




1350 






8JB.8 


8 


WS.S 




B 


Tia4 




7M,» 








8H3I1 






> 


lis. 




11 «o 






7U-S 

lUl 


i 


ii 


1 


B34.(l 
8W.! 




87*.| 
B74-7 


I4BO 


114. 




^ 


Si 






180O 




* 


8W.8 
8811.4 




ST^8 


1 


«4, 
BIB. 






JiS^ 




7w:o 






fl 


B8T.0 


143 


S7IH 








g 


TlB.l 


1330 


7S&I 


> 


si 


T 


837,7 
8f»,8 




877.a 


% 
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^ 


ii 




7m)!5 
Tei.i 




Wn.«l 


1300 


888,* 




B7»4 

8;»-« 


I 


bit: 




H70 






7«1,7 




ma 

801. B 


* 






8W-8 
8.'4>» 


1400 


p») 




I 


11 




J«(l 


1300 


««,0 


* 


ii 






I 


K1.0 






T91T 




7Ui 




B03.T 






■ 43 1 






i: 






Tir.i( 




7M9 




B04.a 








e8»s 








la^u 


I340 


TIS6.4 


























T«ii.a 








846. 














WJ- 




I8B,T 






I310 






SB^2 














7«T,8 




MfcS 








9!«B 








118< 


lau. 


* 


7«.:a 


g 






b4TJl 




s§n-4 


■ sot 


B26. 






WJ. 




7W.1 


■ 310 






84S, 




if? 




B«7: 




( 


730- 
TSO. 


8 


7(».8 
TTl.O 




909-9 




m'. 


1440 


S8»-5 




BSB,!) 




1 




135 


171.1 








8W. 








S2B.B 




1 


782. 




772,8 




8 1.T 












m.t 






788- 
788. 


* 


7I»,8 




gjsio 


13X0 


Eni' 




E'i 




BsaB 

B31.6 




11B( 


TW. 


} 


is 


1320 


81S,1 
61S.* 




g! 




£i 


1610 


BS8. 






731, 












850:5 


14G0 


W6-1 




sst. 




1 


1^ 


■ 200 


1 




eiis 


1300 






895-1 
804.8 

81181 




»a7: 




leot 


TtW 


6 


im.» 




ml 


I 


sl 






leao 


BS8. 






74a.o 




7BJ.6 


1330 










900^0 










74afl 
















m-B 








1 


7-13; 

7W, 


■ 310 


78S:8 


I 


834.7 

8a6,8 


7 
1400 


mo 


■ 400 


W4.S 




wo. 

»8i 




112( 






ma;* 








8».l 






■ 630 


B44. 






7«:6 


6 7SI,0 








S«l.fl 




80B-0 










74S.1 


B 7B7.T 








8(M.7 












I 




9 T69.B 


] 




S 


eiie;!! 


1470 


1107,4 
»I)8,U 




s _^ 


1 


b 


7£*« 


1390 no.i 






8«.l 




1100.6 




J 
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PRIN0IPLB8 AND FBACIIOB OF 



AUXILIARY TO TABLB TV. 



WHEN TBI ABIAS CONTAIN DKCIMAL PABT8, 



Deeimal of Areas. 


Decimal 

Cubic Yards 

Correspondiog. 


.00 


.0 


.11 


.1 


.88 


.2 


.60 


.3 


.66 


.4 


.88 


.6 


1.00 


.6 



N.B. — ^When the square area consists of a whole namber and of 
decimal parts of a whole nnmber, the cubic yards corresponding to those 
decimal parts, as given in the subjoined Auxiliary Table, are to be added 
to the cubic yards corresponding to the whole number as set forth in 
Table IV. 
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PRIKCIPLBB AKD P&AOIIOE OF 



AXTXnJART TO TABLE IV. 



WBSM THS ABBAS CONTAIN DBOIMAL PABTi* 



Decimal of Areas. 


Decimal 

Cubic Yards 

Corresponding. 
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.17 
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N.B. — ^When the square area consists of a whole namber and of 
decimal parts of a whole number, the cubic yards corresponding to those 
decimal parts, as given in the subjoined Auxiliary Table, are to be added 
to the cubic yards corresponding to the whole number as set forth in 
Table IV: 



SCIENTIFIC BOOKS 



PUllLiSBBD B\ 



D. VAN NOSTRAND, 

23 Murray Street and 27 Warren Street, 

KEW YORK. 



Any Book in this Catalogue, sent free by mail on receipt of price. 



Weisbaeh's Mechanics. 

Fotirth Ivlitioii, Revised. 8vo. Cloth. SiaOO. 

AManual of Thkokktical Mk.chanics. Hy Julius Wei sbach, Ph. D. 
Translated from the fourth iiu.i>^niei)te(] and improved (merman edition, 
with an introduction to the Calculus, by Kckley B. Coxe, A. AL, 
Miiiiug Engineer. 1100 pages and 902 wood-cut illustrations. 

Francis' I^owell Hydi*aulics. 

Tliird Kdition. 4to. Cloth. $15.00. 
LowRLL TItbradmc Expkkimknts — being a Selection from Experi- 
ments on Hydraulic ^lotors, on the Flow of Water over Weirs, and ia 
0]>en Canals of Uniform Rectangular Section, made at Lowell, Mass. 
jiy »J. 15. Francis, Civil Eiijirii>^^<^*r. Thinl edition, revised aiul enlar<jed, 
incluilinj^ man'y New Experiments on Gau.irin»i^ Water in Open Canals, 
and on the Flow through Submerged Orifices and Diverging Tubes. 
With 23 copperplates, beautifully engraved, and about 100 new pages 
of tect. 



Kirkwood on FiUi*ation, 

4ta Cloth. $15. Oa 

Rkport on the Filtration of Rivk.r Waters, for the Siipi»ly of 
Cities, as practised in Europe, made to the Hoard of Water Commis- 
sioners of the City of St Louis. By Jamks P. Kikkwooo. lllustrft- 
fced by 30 double-plate engravings. 



Rogers' Geology of Pennsylvania. 

i ToU. 4to, with Poitrotlo of Mftpo. Cloth. 930.00. 

Tbb Okoloot or PsKwaTLVANi*. A Government Survey. With ft gen- 
eral view of the Geology of the United States, Ctsays oa the Coal Por- 
mation a.aA its Fuaaila, and « (ltf«uription »[ the CntU Fields of North 
Aiueriea and Great Britaiu. By IIkmiv Dabwi.v Rogkbb, I^le State 
Geologist of retiiiBylTania. Splendidly illustxatied with Plates and En* 
graviugs ill the Teit 

Merrill's Iron Truss Bridges. 

Third Edition. Ito. aoth. t&.OO. 
Ibok TRi'sti BHTnr.EB for RAii.ROADa. The Method of Caleiiliiting 
Strains in TruBses, with a careful comparison of the moet prominent 
TruBses. in reference la economy in comhiiiation, etc., etc. By Bvt. 
CoL William E. AIkrbill, U.ti.A., Corps of Eugineera. Nine litho- 
graphed plates of illostrations. 



Slireve on Bridges and Roofs. 
8vo, ST wood'<:uI lUuetratloiw. Cloth. $S.Oa 
A Trkatisk ow ths Strenoth of DiMVOEa and Uoofs — eomprimng 
the determination of Algebraic formulas for Strains in Horizontal, In- 
clined or Rafter, TrianRulai-, Bowatring, Lenticular and other Trusses, 
from filed and moving loads, with practical applications and exaraplea, 
for the use of Students and Xngineera. By Samuel U. KhrsTe, A. M., 
Civil Eugiueer. 



The Kansas City Bridge. 

4b>. Cloth. fiG.OD 
WiTB AM Accorirr of the Reoimek oFTHEMisaonm River,— und 

B description of the Methods used for Foiui'liiig in that River. By O, 
Chanute, Chief Engineer, and George Morison, A.Mistant EnginMor. 
niuatrated with five lithographic views and twelve platw of plans. 



Clarke'a Quincy Bridge, 

4to. Goth. 8TJ0. 

DsiCRiPTioN OP THE Iron Rak.wat. Bridge bctobs the MissiBsippl 

Biver at Quincy, Illinoia, By Tliomaa Curtis Qarke, Chief En gin eer, 

With twenty-one lithographed plana. 



D. VAN NOSTRAND. 



Whipple on Bridge Building. 

New edition. 8to. Illustrated. Cloth. $4. 

An Elementary and Practical Treatise ov Beidob Buildivo. 
By S. Whipple, C. E. 



Roebling's Bridges. 

Imperial folio. Cloth. S25.0a 

Long and Short Span Railway Bridges. By -fohn A. Boebling, 
C. £. With large copperplate engravings of plans and views. 

Dubois* Graphical Statics. 

Svo. 60 Illustrations. Cloth. $100. 
The New Method of Graphical Statics. By A. J. Dubois, C. B., 
Ph.D. 

Eddy's Graphical Statics. 

8vo. Illustrated. Cloth. 

New CoNSTSucnoNS in Graphical Sta-tics. By Prof. Henry T. 
Eddy, C. E., Ph. D. With ten engravings in text and nine 
folding plates. 

Bow on Bracing. 

156 Illu8tratlun8 on Stone, Svo. Cloth. $UMl. 

A Treatise on Bracing, — with its application to Bridges and other 
Structures of Wood or Iron. By Robert Ileury Bow, C. E. 



Stoney on Strains. 

Hew and Revised Edition, with nuineroiiK illustratious. Royal Svo, 664 pp. 

CloUi. Slli.50. 

The Theory or Strains in Gikdkks — and Similar Structures, with 
Observations on the Application of Tliv'ory to Practice,, and Tables of 
Strength and other Properties of Materials. By Bindon B. Stoney, 
B. A. 

Henrici's Skeleton Structures. 

8vo. Qoth. $1.6a 

Skeleton Structures, especially in their Application to the building 
of Steel and iron Bridges. By Glaus Uenrici. 



4 SCIENTIFIC BOOKS PUBLISHED BT 

Burgh's Modern Marine Engineering. 

One tblcb 4tu vuL Cloth. S3B.00. Dalf munxxa K(0.00. 
HoDKBM Marinb ENaiNEERiNG, applied to Paddle and Screw Prop 
aion. Consisting of ilG Colored I'lutM. SriO TraclJcal Wood-cut 111 
trattons, and JU3 puges of D«Bcriptire MatUr, tlie nbole liuiiig a 
position of the prt^sdiit practice! of tlie following firms : Messrs. J. I'a 
& Sous; Mesai-a. Maudsia;, Sons & Field ; McBsrs. Jajuea Wutt & C' 
Ui«sr8. J. & G. lUiinie; Munsrs. K. Napier & Sans; Aleasrs. J. & 1 
Dudgeon ; Messrs. Kaveohill & Modgaou ; Messrs. Iluiuplkrejs & Ti 
aut; Mr. J. T. Speucer, sud Meiurs. FDrreBt«r& Co. By N. P. Uui 
Eugiiieer. 

King's Notes on Steam. 

Nineteenllk KdlUon. 810. ti:.0O. 
Lbbsohb AMD Practical Notice ON Stkam, — the Steatn Etigiae, Pn 
lera, tua., &<s., tor Young Engineers. By the l:ite W. R. Kino, U. S. 
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States," etc., etc. Embelliahed with nine finely-executed Portraits 
on steel of eminent Engineers, and illustrated by Engravings o( soma 
of the most important and originaJ works constructed in America. 
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Ernst's Manual of Military Engineering. 

193 Wood-cuta and 3 I.ittiographed Flatea. 12mo. Qoth. 26.00. 

A Masdal of Fbactical Military ENOiKBBBtNa. Prepared for 

the use of the Cadets of th&ll. S. Military Academy, and for Engineer 

Troops. By Capt. 0. H. TSrnst, Corps of Engineers, Instructor in 

Practical Military Engineering, U. S. Military Academy, 



Simms' Liovelling 



i2mo. Goth. £a.aa 
I A Treatise on the Pruiciples a.vd Practice of LBVELuxa, 

showing its application to purposes of Railway Engineering and the 
Construction of Roada, etc. By Fkedebick W. Simms, C.E. From 
the fifth Londoa edition, Revised and Corrected, with the addition of 
Mr. Law's Practical Examples for Setting-out Railway Curves- 
Illustrated with three lithographic plates and numerous wood-cuts. 



Jeffers' Nautical Surveying. 

!Uustia(«d witb 9 Copp«rplatee and 31 Wood-cut UlastrattoDS. 8va. Cloth. &B.OIX 
Nautical ScRVErixa. By William N. Jeefbbb, Captain U. S. 
Navy. 

Text-book of Sui'vej'ing. 

8vo. 9 Uchograph Plates and sevenil Wood-cnts. Cloth. J2.00. 

A Tbst-booe OH SoBVBTise, Projections, and Portable lufiTECMENTs, 

r the use of the Cadot Midahipnien, at the U. 8. Naval Academy. 



The Plane Table. 

Sto. Cloth, S2.00. 

I Iw Ubbs IK TopoGBAFnoAL SraTirnia. From the papers of tha 
" S. CoMt 9«r«af . 



SCiESriFlC BOOKS PUBLISHED BY 



Chauvenet's Lixnar Distances. 

STa Cloth, tzoa 

Nkw Ukthod of Corrf.cti.vg Lcxab Distakcu, aii<l ImpiOTeil 

Uethod of Finding the Error and Rate of a ChTonoinuter, hf equal 

altitudes. By Wm. CHAUVKNKr, LL.D., Chancellor o£ Washingtoa 

Univereitj of St. Louis. 

Burt's Key to Solar Oompass, 

6<Kolul EditioQ. Pocket-book tonn. Tnck. $3.fia 
Kky to thb Solar Compass, and Siirvayor's CompuiioD ; comprifling 
all the Rules necesBarj for use !□ the Field \ also Deacriptioa oT the 
Linear Surveys and Public Laud System of the Uuitei^ States, Note* 
on the Barometer, Suggestions for an OutQt for a Soirey of Four 
Months, etc. By W. A. Buht, U. S. Deputy Surveyor. 

Ho-ward's Earthwork Mensuration, 

St-o. Dluatrated. QoUi. SlJiO. 
Earthwork Mb-vsu ratios om the Basis of tub Frismoidal 
FoBMiTLX. Containing simple and labor-saring method of obCaiaiiig 
Frisiaoidal Conteala directly from Bud Areas. Illustrated by 
Examples, and accompanied by Plain Rules for practical uses. By 
Conwat K. Howabd, Civil En^neer, Richmond, Va. 



Morris' Easy Rules. 

TS niuetratioiu. Sio. Cloth. SI.SO. 

East Rulss for ths Measuremrnt of EARTawoBxa, by means o: 

the Prismoidai Formula. By F.lwood Morris, Civil Eng^ineer. 



CIovonLrer's Siirveyino:. 

Dliutntted TiKket Form. Uon>o», gilt. S3.B0. 
A Treatise on thk MtTMon of Government Subvetino. ss 

prescribed by the U. S, Congress and ComraiKioner of the General 
Land Office. With oomi'lete Malhomatical, Astronomical, and Prac- 
tical Instruetions for the use of the U. S. Surveyors in the Field, and 
Students who contempliite eiii^iiciins in ths business of Public La^id 
8ur<reying. By S. V. Clkvekqer, U. S. Deputy Surveyor. 

Hewson nn I^iiibanlcments. 

•f'vo. Cloth. $3.00 
Prikciplks asd Praoticb ok Emdankimo Lands from Rirer 
Floods, as apj'lied to tlie T/tvwa of the Biiaaisaippi. By Williah 
UswaoN, Civil Engiuwr. 



D. VAN NOSTRAKD. 



Minifie's MechanLoal Dra^^ving. 

Ninth EditioD. &a.\^ Seo, Ootb. HOa 

k TtUET-BooK or Geometrical Drawiks, for the use of MecU&iiio* 
aad Schools. ^Vjlil Ulustrulioiia for Drawiug Plaus, Si>ctionSi aiiJ 
ElevatioUKof Buildings and Muchlnery \ au tutroduotiou to Isoraeli'i- 
eai Drawing, and an Essay ou Linear I'erapectim aud Shadows. 
With over 200 diagrams ou ateel. Bj William Mixiinit, Aroliiteot. 
With an Appendix oo the Theor; and Application of Color*. 

Miniiie's Oreometr ical Drawing. 

New Editioa. Ealaisad. 12tiio. Cloth. t^.OO. 

Qbohbtbical DitAwiNU. Aljridged from the octavo editioa, for tlia 
of Schools. Illuatratad with 16 ateel ]>iatea. 

Free Hand Drawing. 

PfofuBBly QJiutrated. ISmo, Boarda, eOeenti. 
L Gdidb to Ornaubntal, Figure, and I>ands(Aape Drawing. By au 
Art Student. 

Tke Mechanic's Friend. 

IZmo. Cloth. 300 lUustrBtloDB. Kl.OO. 
Tbb Mbchakic's Friend. A Colleation of Raoeipts and Practical 
Suggestions, relating to Aquaria — Biouzing — Cements — Drawing — 
Dye«— B iactricity — Gi Id i ng— Gl ass- w ork ing^ Gl ues — Horology — Lao- 
qner* — Locomotivea — Magnetism — Metal-working — Modelling — Pho- 
tography — Pyrotechnj — Raiiwaya — Solders — Steam- Engine — Tela- 
gr^ifa; — Ta jcidenny — Yarn iah ea — Waterproofi ng — and MisoBllaneoua 
Tools, Instruments, Machines, and Processes connected with the 
CbBmical and Mechanical Arts. By William E. Axon, M.R.S.L. 



Harrison's Mechanic's Tool-Book. 

44 niuslratiuna. laino. Goth. «1.60. 
FAincs' Tool Book, with Practical Rules and Suggcationa, for the 
use of Machinists, Iron Workers, and otbera. By W. B. Habriiom. 

Randall's Quartz Operator's Hand-Book. 

12IU0. Cloth, ^oix 
Qdabti OpBKAro&'e Baxo-Book. By P. M. Ramdall. Naw 
cdUian, Revisc^l and Enlarged. Fully illustrated. 



H SCIENTIFIC BOOKS PUBLISHED BY 

Joynson on Machine Gearing. 

8vo. CIoQl fti.OO. 

The Me^sanic'b and Student's Guide in the desiguiag and Coo* 

BtructiOQof Ueaeral Machine Gearing, tia Ecuentrics, Screws, TooUied 

Wheels, etc., and the Di'awiiig of Rectiliueal aud Curved Surfaoei. 

Edited by Fkancis H. Joynson. Wilb IS folded pUtea. 

Silvei'smitli's Hand-13ook. 

Foiutli Edition. lIluetHLtcd. 12uio. Cloth. $3.00. 
A Practical Uami>-1Sook for Mi.s'ers. Mi^tallorgistB, and Assajen. 
B; Jdlidb SiLVBHSMiTH. Illustrated. 

Barnes' tSubnuAi-ine Wari'are. 

(jvo. Cloth. EC.OO. 
SuaiiABiNE Warfare, Depeksivb a.nu Offenhive. DesoriptJOM 
of the various forms of Torpedot^s, Subniariiio Batteries and Torpedo 
Boats actually used in War. Mt'thoda uf Iguitioa by Macliinery, 
Contact Fuzee, and Electricity, a-nd a full account of experimenta 
made ts determine the Explosive Force of Gnnpowder under Water. 
AIbo a discussion of the OSensire Torpedo syBtem, ita elfeot npra 
IroQ^lad Ship Rystems, and induence u^ion future Naval Wan. By 
Lieat.-Com. John S. Barnes, tJ.S.N. With twenty littaognqijik 
plates and mauy wood-cuts. 

Foster's Submarine Blasting. 

4to. Cloth. S3, SO. 
SuBMARINB Blasting, in Boston Harbor, Uassachusetts — Eemoval of 
Tower and Corwin Rocks. By Jons G. Foster, U. S. Eng. and 
Bvt Major-General U. S. Army. With seven plates, 

Mo-wbray's Tri-Nitro-Glycerine. 

Svo. Clotb. Uluetroted. S3. 00. 
TrI'Nitro-Gltcerinr, as applied in the Hodsilc Tunnel, and ia Sub- 
marine Blasting, Torpedoes, Quarrying. Pto. 

Williamson on tlie Barometer. 

4to. Clotli. 815 00. 

On the Use of the Bahometer os Soevrts and Recohmaii 

HASCES. Part I. — Meteorology in its Connpction with Ilypsometry. 
Part n.— Barometric Hypsometry. By R. 8. Williamson, Bvt 
Lt.-Col. TJ. S. A., Major Corps of Ent^iiBers. With illustrative tablei 
and engravings. 
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Williameon'B Meteorological Tables. 

4lo, Flexible Clotli. S3.fi0, 

Practical Tablm in Meteorologt and HYFSOHBTKT,incoiiQectioit 

irith the use of the Barometer. Bj Col. R. S. Williahson, U-S.A. 

Butler's Projectiles and Rifled Cannon. 

4to. 36 Plates. Clotli. $7.5a 

PaojECTiLBs AND RiFLRD Cannon. A Critical DiaenMion of the 
Principal Systains of Rifling and Pi'oj -elites, with Practical Sngges- 
tioDS for their Improve in cut. By Capt. Juhn' S. Butlkr, Orduuic* 
Corpe, D. S. A. 

Benet's Clironoscope. 

Seramd Edition. niiiEtrated. ila. Cloth, S3,0a 

£i.BCTRo-B ALU STIC Machinkb, sDd the Schultz Chronoecope. B7 
Lt-Col. S. V. Bknbt, Chief of Ordnance U. S. A. 



Mlchaelis' Chronograpli 
4to. niuBtrated. Cloth, $3.00. 
^Thk IiX BonLENOB CHBOXOQRApa. With three titho^aphed folding 
pUtea of illustratious. By Bvt, Captain O. E. Micbablis, Ordaano* 
Corps, U. B. A. 

Nugent on Optics. 

I3mo. Qoth. $1.50. 
TRBATiiK ON Optics ; or. Light and Sight, theoretically and practically 
treated; with the application to Fine Art and Industrial PurBoits. 
By E. NuGBMT. With 103 illuatrations. 



Peirce's Analytic Meclianics. 

4to. aoth. 110.00. 

SrsTKK OF Ajialttio Mbchanicb. By Benjamin Psircb, Pro- 
feuor of Astronomy and Uatheraatics in Harvard Univergity. 



Craig's Decimal System. 

Square SSno. IJmp. fiOa 

Wbiqhts and Mbascrks. Ah Account of the Decimal System, with 
Tables of Conversion for Commercial and Scientific Usea. By B. F. 
Ckus,U.D. 



r 



N 



SCIENTIFIC BOOKS PUBUSHBD BY 



Alexander's Dictionai-y of'Weighta and 
Measures. 

Sew Edition. Bro. Cloth. $3.ea 
Ukitehsal UiCTio.tART Of Wkiguts and MuASOKEa, Aacieut and 
Maderu, leduced U> the staDdoTils at the United States of Ameru-a. 

By J. U. AXKXANDER. 

Elliot's European Light- Houaea. 

51 EngiBviDf^ aui 21 Wood-CutL Sra. Cloth. 8S.00. 

EvROPSAN LiGHi'HousE SvsTRMa. Being a Report of a Tour of 
luapectioa madu ia 1873, Ity Major GBOKafc U. Elliot, U. S. 

Engiueera. 

S-weet's Report on Coal. 

With Map*. 8to. Cloth. $3.00. 
Special Report ox Coal. By S. H. Swbet. 



Colburn's Gas Works of London. 
12100. Ikmrda. 60 ceuts. 
Gab Works or London. By Zurah Colbcrk. 

Walker's Screw Propulsion. 

Hvo. Goth. TB ccdU. 

NoT»9 ON ScRRW pROPni-BioN, its Rise and History. By Capt. W. H 
Walker, U. 8, Navy. 

Pock on SliipbaLlding. 

8vo. Cloth, llliistnited. SS.Oa 

MicTHOD OF Fbeparing trie Lines and Dradobtimc} Vksepi.s 

pBOPKLLKD BY Sail OB Stbam, Including a Chapter on Laying'-off 

OD the Mnuld-loCt Floor. By Saaidel M. Poor, Naval Constructor. 

Saelt^^er's AcoTxstics. 

12mo. ai>th. J2.00. 

Tbratisb on AconsTica in couiie<:tion with Ventilation. By Alrx- 

AJfDER SaBLTZEB. 

Eassie on Wood and its Uses. 

250 llluatrationa. Svo, Cloth, ^L.TO. 
A Haito-book for tue Use of Cohthactokb, Builders, Architcctd, 
Engineers, Timber McR'hantH, etc., with iiilbruiatioD for drawing uji 
Designs and Estiiiiuli^s. 
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Wanklyn's Milk Analysis. 

12aio. Cloth. St DO. 

UiLE AxALYSis. A Fractical Treatise ou the IlxaminatiDD of Uilk, 

and its Derivatives, Cream, Butter, aud Cheese. By J. ALricKO 

Wai«i,yn,M.R.C.S. 

Rice & Johnson's I>ifrorential Functions. 

tnifflr, ll'mo. frO crnta. 
OiT A New Method of Obtaining the Diffkbentials of Func- 
tions, with especial ref«rence to the Newtonian Conception of Rates 
or Velocities. By J. Minot Rjce, Prof, of Mathematics, U. S, Nai-y, 
and W. WoOLSET Johnson, Prof, of Mathematics, St. John'a 
College, Annapolis. 

Coffin's N;/ivigi=ition. 

rifth Edltian. 12mo. Qoth. S3.B0. 

Natioation and Nautical Astronomy. Prepared for the use of 
the U. S. Naval Academy. By -T. H. C. Coffin, Profeaaor of 
AHtronomy, Navigation and Surveying ; with 52 wood-ctlt illtiitra- 



Clark's Theoretical Navigation, 
8vo. Qotb. S3.aa 

Theoretical Navigation anb Nautical Abtronomt. By Lkwib 
Clare, Lieut.-Coniiiiander, U. S. Navy. DIustrated with 41 vfood- 
cuts, including the Vernier. 



Toner's Dictionary of Elevations. 

Sva Papsc. $3.00 Cloth, |3,7fi. 

Dictionary of Elbtations and Climatic Rroistes of the 
United States. Containing, in addition to Klevatioiis, the Latitude, 
Keaa Annual Temperature, and the total Annual Rain ITall of many 
Localities ; with a brief Introduction on the Orographic and Physical 
FecuJiaritiea of North America. By J. M. XotjUR, M.D. ' 
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RECENT WORKS. 



Fanning's Water Supply Engineering. 

8ro. esOpusea. 180 lUustrallons. Extra cloth. $8.00. 

A PnAcrriCAL Tbbatisr on Water Supply EHoiNBBRraa. Relating to 

the Hydrology, Hydrodynamica. and Practical Conslruction of Water 

Works, in Norlh America. Willi nuiacrous Tablea and lllufltrations. 

By J. T. Fanning, C. E. 

Clark's Complete Book of Reference for 
Mechanical Engineering. 

1013 pngM. Bvo. Clotli, $7.50. Half morocco. $10.00. 
A MmnAi. of Bolbb, Tablbs anu Data for Mechamicai, EMGiNGEKa. 
Based on tlia most recent invest igationa. By Daniel Kiniiear Clark. 
II lux t rated with numovou^i dijigrains. 

Mott'rf Chem,i!?its Manual. 

650 pages, 8vo, Cloib. $6.00. 
A Practical Tbbatisk on CHEMisTuir (QiialitatiTo and Quantitative j 
Analysia), Sloichiometry, Blowpipe Analysis, Mineralogy, Assaying, 
Pharmaceutical Preparations, Human Secretions, Speciflo Oravitiea, 
Weight! and Measures, etc, etc., etc. By Ueary A. Molt, Jr., K M., 
Ph. D. 

Woyrauoh on Iron and Steel Constructionj*. 
ISmo. Clolf). $1.00. 

STRBMOTB add CALCTJLATtOtf OF DiMKKSIONS OF IbOH ASD BTESL COIi' 

BTRUCTION8, with reference to the latest cxperitnenls. Bj J. J. Wey- 
rnuch. Ph. D., Profeaflor Polytechnic School of Stuttgart, with four 1 
folding plates. 



An iHTKOPUCTnON to CsGKICAI, <JrALlTATIVR Abaltbib. Ej F. 
■tola. Third edition, translated by I. J. Osbun. 



Davis and. Rae's Hand Book of Electrical 
Diagrams 

Ohlong Svfh Extra cloth. $3.00. 
B&in> Book ot Rlkctkical Diaobams akd CoNsBcnoira. ByCharlea J 
H, Davis iind Prank B. Rac^ lUnslraled vith 32 full page illnstratioiis, 
Saoond edition. 
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Scribner's Pocket Table Book. 

Tenth EdiliOD, itvised. Fockel form. Roan. tl.SO. 
, Costractob"* iSD SnuTETOR'a Pocket Tablk Bo"K. 
Comprising LogaHUiins ol Nniabere : LogaritLmic Sines and T^n- 
genla. Satutal Sioes and Sal unil Tangents ; Tho Traverse TaMc; 
and a full aod complete E«t of £.icaTation and Embonkmebt Tablt^. 
Together wilh nomerous other valuable Tables for EDginevrs, etc. It/ 
J. M. Scribner. A, M_ 



Scribnef's Mechanio'e Companion. 

Eighteenth £dillon, revified. Pocket form, full Roan. (1.50. 
ENGmEER'a i!iD Meckabic's Compakiok. Comprisiog United Statos 
Weights and Measures ; MeiuuratiOD of Superticea and Soltd:> : 
Tables of Squares and Cubes, Square and Cube Roota ; Circumftr- 
e&ces and Areas of Circles ; The Mechanical Powers : Centres of 
Gravily, Gravitation of Bodies : Pecduluma, Specific Gravily of 
Bodies, Strength, Weight and Crush of Materials, Water Wheels. 
Hydraulics, Hjdroetnlics, Sintics, Centers of PercuBsion sod Oyin- 
tion, Friction, Heat; Tables of the Weights of Metals, Pipes. Scuiit- 
■ lings, ei«. ; Steam and the Sieam Engine. By. J. M. Scribner. A. M. 
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Schumann's Heating and Ventilation, 

12mo. Full Roan. $1.S0. 
HsATiKa AMD Venttlation, in TiiEiB Practical Applioatiok phu 
TEB TTaE OF Enoikeega and AjtcaiTECTB ; embracing a series of 
Tables and Formulas for Dimensions of Heating, Flow and Return 
Pipes, for Steam and Hot Water Boilers, Flues, elc, etc. By F. Si'liu- 
macn, C. E. With illustrations. 



A Guide to the Determination of Rooks. 

ISuio. Extra cloth. (l.SO. 
BEDia AH IsTitoDUCTios TO LrfaoLOOT. By Bilward Jannotlan. 
Tranalaied from the French by Prof, Ocorge W. Plymplou, 0. B. 
With IlluBtrationa, 
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Shield's Notes on En^zieermg Constnictioii. 

44 IlluBtrationa. 12mo. Cloth. |1.S0. 

Ehbbacino DiBcuesiONs ov the PitiNcrpLKs involved awd Dbbcbip- 
TTona OF TBB HATERtAi, Emplotbd. Bj J. £. Bbields, C. E. 



Rose's Pattern-Maker's Assistant- 

360 niustratioQe. ISino. Cloth. |3.G0. 

bcBKACiNa Lathe Work, Bench Work, Core Work, Sweep Work, md i 

PracticnlGear ConBtruttioa ; The PrepnrBlion aod ubb of Tools; to- '■ 

geiher witii a large colleclion of useful and valuable Tuhlea. Bj J 
Joabua Roee, M. E., author of "Complete Practical Uachiuut." 



Rankine's Works. 
A Hakdal of Applied Uechanics. Kumeroua UltutratloiiD. 

Crown &70, cloth IB 00 

A Martial of Cmi. ENOiBEEKiKa. With numerous Tables and 

illustration a. Crown 8vo, clolh 8 M 

A Uardal of MAC&rNBitT AND MiLLWOHK. With nearly 300 

woodcuts. Crown Bvo, cloth 6 00 

A Hahdai. of TDK Steam Enoinb akd other Phimb MovKRa, 

With Diagrum, Tables, and ii lust rations. Crown %\o, cloth . . S 00 

tJBKPCL Rules and Tables for Archttkctb, Bitildbkb, Enoi- 

heers, SuBTBVORfl, ETC. Crown 8vo, cloth 3 SO 

A Mechanical TEKT-Booft; or introduction to the Study of Me- 
chnnlce. By Profeasor Ranltine and E. F. Bamber, O. E. 
Crown Bvo, clolh 3 60 
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